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SECTION I 


MONGST the inſtances and experi- 

ments produced i in my public Courſes 
of Chemiſtry in 1774, to illuſtrate my no- 
tions of the polarity of matter, divers mix- 
tures of lime ſand and water, were parti- 
cularly conſidered: and theſe being preſerved 
and methodically arranged, according to the 
plan of this ſchool, ſoon ſuggeſted to me an 
enquiry which I have proſecuted with great 
attention ever ſince that time. 


> 


As the ſtrength and duration of our moſt 


uſeful and expenſive buildings depend chiefly 


on the goodneſs of the cement with which 
they are conſtrued, I Þoked to the im- 
provement of mortar as a ſubject of great 
importance, in this country particularly, 


where the weather is fo variable and trying, 


and the mortar commonly uſed is ſo bad, 
B that 


"#3 

chat the timbers of houſes laſt longer than 
the walls, unleſs the mouldering cement be 
frequently replaced by pointing. But ſeeing 
that many years are requiſite for the greateſt 
degree of induration which cementitious 
mixtures like mortar can acquire, or for 
our Uiſcovering the imperfections of them; 
and that the life of man is too ſhort to allow 
any conſiderable improvements of them to 
be derived from ſuch experiments as had hi- 
therto been made, I reſolved in the begin- 
ning of the year 1775 to inveſtigate more 
cloſely than I had hitherto done, the princi- 
ples on which the induration and ſtrength" of 
calcarious cements depend; not doubting 
that this would lead me by an untried path 
to recover or to excel the Roman cement, 
which in aqueducts and the moſt expoſed 
ſtructures has withſtood every trial of fifteen 
hundred or two thouſand years. 


" +. ae 
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SECTION itt. 


Experiments and Obſervations on Lime-ſlont 
and Lime; 


F Had already learned from the chaſte and 
1 philoſophic productions of Dr. Black, 
that calcarious ſtones which burn to lime, 
contain a conſiderable quantity of the elaſtic 
fluid called fixable air or acidulous gas, 
which in combination with the earthy mat- 


ter forms a great part of the maſs and 


weight of theſe ſtones; and that the dif- 


ference between lime-ſtone or chalk and 


lime, conſiſts chiefly in the retention or ex- 
pulſion of this matter. 


ExeecTING to learn ſomething further 


relative to lime, and particularly, to diſcover 


the cauſe of the differences which appear in 
cements made with different kinds of lime, 
I made the following experiments. 


I procured ſpecimens of different kinds 


of lime-ſtone and chalk, and breaking them 


B 2 into 
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into ſmall fragments, I burned them in cru- 
cibles lined with lime to prevent the pieces 
from touching their crucibles and vitrifying at 
thoſe ſurfaces which lay next to them: I like- 
wiſe burned the like ſpecimens in crucibles 
perforated to admit a free current of air 
through them ; and laſtly, I expoſed three 
pounds of either ſpecimen to a graduated. fire 
in an earthen retort which was barely ſuffi- 
cient to hold this quantity, and whoſe neck 
T lengthened by fitting to it a glaſs conical 
tube luted at the juncture with four parts of 
lime one of fine ſand and as much. diſſolved 
glue ſuch as the carpenters uſe, as was 


ſufficient to form a paſte; having found this 


luting to hold faſt and to be impervious to 
any elaſtic fluid or liquor expelled in ſuch 
procefſes. I immerſed the extremity of the 
_ glaſs tube in mercury, and inverting a bottle 
filled with mercury over the extremity of 


the tube, I received whatever water or elaſ-_ 


tic fluid was expelled from the calcarious 

ſtones by the fire, and I meaſured the quan- 
| tity of theſe by inſtantly applying a freſh 
bottle as ſoon as the former was filled. 
When all the water was expelled, or when I 


Knew the quantity of it contained in the 
Week | lime 


— 


A» 


— 
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lime-ſtone or chatk, I uſed a baſon of water 


and bottles filled with water, making allow- 
ance for the matter imbibed by the water. 


To avoid a tedious detail of particulars 
which do not immediately relate to the chief 
object of this eſſay, I ſhall only mention 
ſummarily the moſt pertinent obſervations 
which. theſe and other experiments afforded ; 
endeavouring that the terms in which I 
{hall deliver theſe obſervations ſhall deſcribe 
the experiments ſufficiently for thoſe who 
are acquainted with modern chemiſtry. _ 


OBSERVATION 1. 

LimE-sToONE or chalk heated only to red- 
neſs, in a covered crucible, or ina perforated 
crucible through which the air circulates 
freely, looſes only about one-fourth of it's 
weight, however long this heat be continued. 
The fort of lime ſo formed efferveſces conſi- 
derably in acids, flakes ſlowly and partially 
to a powder which is not white, but is grey 
or brown, and heats but little in flaking. 


Is deſcribing heats I do not regard the 
heat in particular parts of the fuel, but 
B 3 only 


161 
only that which the bodies themſelves 
are made to conceive equally through their 
whole maſs, whether they be in veſſels 


which defend them conſiderably from the 
action of the fire, or fully expoſed to it hy 
their immediate contact with the fuel. 


OBSERVATION. 2. 


LIuE-s TONE or chalk expoſed to a heat bare- 
ly ſufficient to melt copper, whether in a 


perforated crucible or otherwiſe, loſes about 


one third of its weight in twelve hours, and 
very little more in any longer time. This lime 
efferveſces hut ſlightly in acids; it heats 
much ſooner and more ſtrongly than the 
foregoing, when water is ſprinkled on it, 
and it flakes more equably and to a whiter 
powder. In a variety of trials, this lime 
appeared to be in the ſame ſtate with the 
beſt pieces of lime, prepared in the com- 
mon lime-kilns. For the quantities of aci- 
dulous gas obtainable from both by a 
ſtronger heat, or tm ſolution, were nearly 
equal; they ſlaked in equal times, with the 
ſame phenomena, and to the ſame colour and 
condition of the powder. 
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OBSERVATION. 3. 

Tux lime burned in perforated crucibles,_ 
or in the naked fire, is whiter than that 
burned ir common crucibles covered, in 
which caſe the air has not ſo free acceſs to it; 
altho' the loſs of weight be the ſame in both; 
but this latter kind of lime, in flaking, 
affords as white a powder as any other 
which has loſt equally of its weight. What- 
ever portion of phlogiſton it retains to pro- 
duce this duſky colour, is either detached in 
the faking, or does not ſenſibly affect the 
lime in any uſe, to which 1 applied it. 


OBSERVATION. 4. 

When dry chalk or lime-ſtone is uſed, in 
the proceſs above deſcribed for making lime 
in cloſe veſſels, and for examining the matter 
which is expelled by fire, the quantiry or - 
water obtainable from it by any heat, is ſo 
inconfiderable as to deferve no notice in our 
menſuration of that matter. 


OBSERVATION. 5. 
CHarkx or lime-ſtone heated gradually in 
theſe cloſe veſſels, loſes very little acidulous 


gas until it begins to redden: after this the 
B 4 elaſtic 
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elaſtic fluid iſſues from it the quicker as the 
heat is made greater, and continues to iſſue 
until the retort glows with a vivid white heat 
ſufficient t to melt ſteel. 


OBSERVATION. 6 
For TY-EIGHT ounces of chalk yield twens 
ty-one ounces of elaſtic fluid, the firſt por- 
tions of which are turbid as they iflue, but 
ſoon become clear without loſs of bulk, by 
the condenfation of the watery vapour : the 
remaining portions iſſue tranſparent and in- 


viſible. One thirty-ſixth of this elaſtic fluid, 


and ſometimes much more of it, is phlogiſtic 


alr, the remainder 1s pure acidulous gas, 


OBSERVATION. 7 
TRE reſiduary lime of forty-eight ounces 
of chalk, urged with ſuch heat to the total 
expulſion of the elaſtic fluids, weighs only 


twenty-ſeven ounces, whilſt it is red hot. 


When it cools it weighs more by reaſon of 


the air which it imbibes as the fire eſcapes 


from it. 
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OBSERVATION 8. 

WHEN no more heat is employed than is 
neceflary for the expulſion of theſe elaſtic 
fluids, the reſiduary matter is found con- 
tracted ſenſibly in volume, and is good lime, 
tho' not ſo white as lime prepared in the 
uſual way, With water it flakes inſtantly, 
grows hi ling hot and perfectly white. The 


flaked powder is exceedingly fine, except in 


thoſe parts of the lime which lay in contact 
with the retort, which are always ſuperfi- 
cially vitrified, becauſe clay and lime pro- 
mote the vitrification of each other. | 


OBSERVATION 9. 
Tus lumps of this lime, immerſed in lime- 
water, or boiling water, to expel the air 
which ſuch ſpongy bodies imbibe in cooling, 


diſſolve in marine acid without ſhewing any 


ſign of efferveſcence. 


OBSERVATION 10. 
L1ME-gTONE or chalk gradually heated in 
a Crucible, or on the bed of a reverberatory 
furnace, or in contact with the fuel in a 
wind furnace, does not become perfectly 
ponefferveſcent and ſimilar to the lime laſt de- 


ſcribed 


[ 1 |] 
ſcribed, in flaking inſtantly, and growing 
Hiffing hot when water is ſprinkled on it, 
until it has, after a ſtrong red heat of fix or 
eight hours, ſuſtained a white heat for an 
hour or more. I underſtand by a white heat, 
that which is ſufficient to melt caſt iron 


compleatly, 


OBSERVATION. 11, 
LIxE-s rONES heated ſufficiently to reduce 
| them to lime which flakes inſtantly with | 
the ſigns above deſcribed, and which is 4 
0 perfectly nonefferveſcent, do not in general l 
loſe ſo much of their weight as chalk- ſtone | 
does, under the like treatment. Some lime- 3 
N ſtones loſe little more than a third of their 
| weight. Thoſe which loſe the moſt, 
| flake the quickeſt and to the fineſt pow- 
YH der; and thoſe which loſe the leaſt, flake 

the ſloweſt and to a gritty powder com- 
poſed of true lime and particles chiefly gyp- 
ſeous. 


OBSERVATION. 12. 1 
THE quantity of gypſum, or of. other 
: earthy matter in well burned lime, is diſcover- 
| | able by weak marine acid; for this diſſolves 


= - SH and 
> 5 & 


i 
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and waſhes away the lime, leaving the gyp- 
ſum to be meaſured when dry, the part of 
the gypfum which diſſolves being too ſmall 
to deſerve any attention ; and if any other 
earthy matter or any ſaline matter exiſted in 
the lime-ſtone, it vitrifies with part of the 
calcarious matter in the heat neceſſary for 
making nonefteryeſcent lime, and is ſeparable 


by the means laſt mentioned, and even * a 
fine fieve in moſt inſtances. 


OBSERVATION. 13. 

Wren lime-ſtone or chalk is ſuddenly 
heated to the higheſt degree above deſcribed, 
or a little more, it vitrifies in the parts which 
touch the fire veſſels, or furnace, or fuel, and 
the whole of it becomes incapable of flaking 
freely or acting like lime. Lime-ſtone is 
the more apt to vitrify in ſuch circum- 
ſtances, as it contains more gypſeous or argilla- 
ceous particles; and oyſter-ſhells or cockle- 
ſhells vitrify more eaſily than lime-ſtone or 
chalk, when they are ſuddenly heated; 
which I impute to their ſaline matter; for 
when they are long weathered, they do not 
vitrify ſo ality, 


OBSE=R- 


OBSERVATION. 14. . 

Tu agency of air is no further neceſſary 

in the preparation of lime, than as it operates 
in the combuſtion of the fuel. 


OBSERVATION. 15. 

CaLcariovs ſtones acquire the properties 
of lime in the moſt eminegt degree, when 
they are ſlowly heated in ſmall fragments 
until they appear to glow with a white heat, 
when this is continued until. they become 
nonefferveſcent, but is not augmented. The 
art of preparing good lime conſiſts chiefly in 
theſe particulars, 


OBSERVATION 16. 
THAT lime is to be accounted the pureſt 


and fitteſt for experiment, whether it be the 
beſt for mortar or not, which flakes the 


quickeſt and heats the moſt in flaking, 
which is whiteſt and fineſt when flaked, 
which when wetted with lime-water diflolves 
in marine acid or diſtilled vinegar without 
efferveſcence, and leaves the ſmalleſt Jwantity 
of reſiduary undiſſolved matter. 


O BS E R- 


OBSERVATION 17. | 

Tux quick flaking, the colour of the 
ſlaked powder, and the former acid, are 
the moſt convenient, and perhaps the beſt 
teſts of the purity of lime. The whiteneſs 


denotes the lime to be free from metallic im- 
pregnation; the others ſhew any imperfec- 
tions in the proceſs of burning, and the he- 


terogeneous matter inſeparable from the 
calcareous earth by burning. 


SECTION 


SECTION III. 


Remarks on the Phingifticated Air -which 45. 
peared in ſome of the foregoing Experiments. 


8 phlogiſticated air had not been no- 
£ ticed in any experiment heretofore 
made on chalk or lime-ftone, I reſolved to 
examine the elaſtic fluid detached from them 
in the uſual method. 


T extricated ſeveral gallons of elaſtic 
fluid from chalk, during the ſolution of it in 
marine acid diluted largely with water; and 
after agitating this elaſtic fluid with the neceſ- 
fary quantity of water, and ſometimes with 


lime-water, until all the acidulous gas was 


imbibed by them, I found a reſidue con- 
fiſting of common air, which was about one 
twenty-cighth of the bulk of the acidulous 
gas, in ſome trials, in others it was much 


leſs. 


As I have not had time to examine lime- 
ſtones in the ſame manner, or to proſecute 
this 
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this ſubject by other experiments, and as it 
does not appear ſufficiently intereſting in our 
preſent enquiry concerning calcareous ce- 
ments, I muſt content myſelf with offering a a 
con] jecture concerning it. 


Tux air which is extricated during the ſo- 
lution of chalk, ſeems to be that which 
chalk, like other pofous bodies, imbibes by 
capillary attraction; and it retains its proper 
character, becauſe all the phlogiſtic matter 
of chalk is held in the ſolution. It may 
happen likewiſe that ſome air eſcapes from 
the water whilſt it imbibes the acidulous 
gas, which it attracts more forcibly ; and 
this air from the water may contribute to the 
bulk of that which appears in the ſolution of 
calcarious bodies. But whilſt chalk 1s de- 
prived of its acidulous gas by the action of 
fire, the air which was held in its pores, 
and which attracts phlogiſton, is expelled in 
combination with phlogiſton, and conſe- 
quently in the form of phlogiſtic air; and 
the air contained in the pores and in the 
cavity of the retort, contributes to the bulk of 
the phlogiſtic air obtainable in this manner. 


THIS 


N 
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\Tms conjecture appears the more probable 
when we confider, that the quantity of air 
imbibed by porous bodies 1s. much greater 
than it appears in any experiments made with 
the air pump; as I ſhewed in my public 
courſe of chemiſtry in 1776, by the great 
increaſe of weight, which red hot charcoal 
acquired in cooling in veſſels into which 
nothing ponderable but air was admitted- 
The ſame attractive powers which draw air 
into bodies, and condenſe it in them, reſiſt 
the expanſion and eſcape of it in the void: 
and detain, in ſuch a fituation of the bodies, 
that quantity, whoſe repulſive powers are 
counterpoiſed by the attractive powers. 


SECTION 
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SECTION IV; 


Experiments fhewins that Lime is better Fer, 
Mortar as it retains leſs acidulous Gas, and 
JShewing ſome of the Cauſes of the I mperfettion 


of common Mortar. - 


N divers conſiderations it appeared to 
me, that the perfection of lime for 
mortar conſiſts chiefly in the total expulſion 
of the acidulous gas; but to be better ſatis- 
fied of the truth of this opinion, 1 made ſe- 
veral parcels of mortar, the deſcription of 
which will be abridged by obſerving in this 
place concerning all of them, that the ſand 
employed was coarſe Thames ſand, ſuch as 
I uſe in my ſand baths; that the lime was 
{laked as ſoon as it cooled after being burned, 
and with the ſmalleſt quantity of water ne- 
ceflary for this purpoſe ; that it was ſifted 
rough a fine braſs wired ſieve as ſoon as it 
was fully flaked; and that each parcel of 
mortar was beaten and briſkly formed with 
the quantity of water which was barely ſuffi- 
cient to give it the uſual conſiſtence, which 
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quantity 1 ſhall expreſs in the Pharmaceu- 


ical method by q. {. 


einn 1. 


Sand — — 3 
Pureſt ſtone lime, deſcribed in Obſ. 10, 
and 16, ſect. 2, — I 
Water, q.f. 
2o 
Sand, — — 6 


Pureſt ſtone lime, laſt mentioned, 
Water, g. ſ. 


— 


Pureſt chalk lime, deſcribed in obſ. ro 
and 16, ſect. 2. — 1 
Water, q. ſ. 
4. 
Sand, — — 6 
Pureſt chalk lime, laſt mentioned, 2 


Water, q. ſ. 
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it was burned no further than is ex- 
preſſed in the ſecond obſervation of 


the ſecond ſection, — 
Water, q. ſ. 

6. 
Sand, — — 


The laſt mentioned ſtone lime, 
Water, g. ſ. 


— 


| 4 

Sand, od. — 

Chalk lime deſcribed in the ſecond obſer- 
vation of the ſecond ſection, 


Water, q. ſ. 


8. 


N Sand o 2 — 


The laſt mentioned chalk lime, 
Water, q. ſ. 


Ys 


Sand, — — 


Imperfect lime, deſcribed in 6bſ. 1, ſect. 2, 
but "_ of the beſt Lme-ſtone, 


Stone lime of. the beſt kind, except that 


1 


3 


. 
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10. 
Sand, 2855 — et of 
The foregoing lime, — 1 
Water, q. f, 
11. 
Sand, — — 3 
Imperfe& chalk lime deſcribed in obſ. 1, 
ſet. 25, — — — 
Water, q. ſ. 
12. 


Sand, — 


The laſt mentioned lime 
Water, q. 1. 


11 


Tu lime of the 9, 10, 11, and 12 ſpe- 
cimens was flaked whilſt it was hiſſing hot, 


in a covered veſſel; becauſe it would not 


ſlake ſufficiently when it was ſuffered to cool 
defore the water was ſprinkled on it, or 
when it's heat was ſoon diſſipated by a free 
expoſure to the air and haſty evaporation of 


. the water: And as this lime required ſeveral 


hours to ſlake, . I put it into a bottle as ſoon 


,AS It was cool, and kept it well {topped for 


twenty-four hours before I ſifted it. 
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Ar the ſame time I made two ſpecimens 

of mortar with common chalk lime and land 
in the foregoing manner, 


Ec ſpecimen was ſpread as ſoon as it 
was made, to the thickneſs of half an inch 
on a plain tile previouſly ſoaked in water 
the tiles were numbered and kept cloſe by 
each other in an airy part of my elaboratory 
until the mortar was dry, and then they 
were equally expoſed, ſtanding upright, in a 
place where the air ſun and rain had free 
acceſs to them. 


In the courſe of fourteen or fifteen months 
theſe ſpecimens afforded me a great deal of 
information, which will be noticed in due 
time ; evenin the firſt ſix months they ſhewed 
me clearly that lime 1s the better for mortar 
as it is more perfectly freed from acidulous 
gas. For when the compariſon. was made 
between ſpecimens of mortar conſiſting of the 
ſame quantities of lime and ſand, I found 
that the mortar made with well burned non- 
efterveſcent lime, hardened ſooner and to a 
much greater degree, than mortar made with 


common lime or my ſtone ar chalk lime 
C 3 burned 


Las it was cool, and kept it well ſtopped for 
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10. 
Sand, — — 6 
The foregoing lime, — 1 
Water, q. ſ, 
11. 
Sand, — — 8 
Imperfect chalk lime deſcribed in obſ. 1, 
ſect. 2, — — I 
Water, q. ſ. 
12. | 
Sand, — — 6 
The laſt mentioned lime ini I 


Water, q. ſ. 


Tu lime of the 9, 10, 11, and 12 ſpe- 
cimens was flaked whilſt it was hiſſing hot, | 
in a covered veſſel; becauſe it would not 3 
flake ſufficiently when it was ſuffered to cool | 
defore the water was ſprinkled on it, or | 
when it's heat was ſoon diſſipated by a free | 
expoſure to the air and haſty evaporation of | 


the water: And as this lime required ſeveral 


hours to ſlake, . I put it into a bottle as ſoon 


twenty-four hours before I ſifted it. | 
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Ar the ſame time I made two ſpecimens 


of mortar with common chalk lime and land 
in the foregoing manner. 


Ec ſpecimen was ſpread as ſoon as it 
was made, to the thickneſs of half an inch 
on a plain tile previouſly ſoaked in water; 
the tiles were numbered and kept cloſe by 

each other in an airy part of my elaboratory 
until the mortar was dry, and then they 
were equally expoſed, ſtanding upright, in a 
place where the air ſun and rain had free 
acceſs to them. | 


In the courſe of fourteen or fifteen months 
theſe ſpecimens afforded me a great deal of 
information, which will be noticed in due 
time; even in the firſt ſix months they ſhewed 
me clearly that lime 1s the better for mortar 
as it is more perfectly freed from acidulous 
gas. For when the compariſon was made 
between ſpecimens of mortar conſiſting of the 
ſame quantities of lime and ſand, I found 


that the mortar made with well burned non- 
efterveſcent lime, hardened ſooner and to a 
much greater degree, than mortar made with 


common lime or my ſtone ar chalk lime 
Ex -: burned 
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burned in the manner expreſſed in the ſecond 
obſervation of the ſecond ſection: and the 
ſpecimens made with the ſtone or chalk lime 
which was leaſt burned, were incomparably 
worſe than any of the others; for they never 
acquired any conſiderable hardneſs, and they 
mouldered in the winter, the ſooner as they 
contained more of the lime and cracked more 
in drying, 


I obſerved that the ſpecimens which con- 
tained the ſmaller quantities of well burned 
lime cracked much leſs than the others, or not 
at all; that they adhered to the tiles more 
firmly, and were leſs injured by freezing ; but 
as the ſpecimens made with an exceſs of the 
beſt burned lime were not more cracked than 
thoſe made with equal quantities of the other 


perfections ariſing from the exceſsof lime, from 
thoſe which proceeded from the bad quality 
of it, I was ſatisfied that the lime which is 
molt compleatly burned is the beſt for mortar. 


 ConsIDeRING the heat, which 1 found ne- 
ceſſary to extricate the laſt portions of acidu- 
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kinds of lime, and as I could diſtinguith the im- 


r 


lous 5 from chalk or lime- ſtone, to be much 


had obſerved or could learn from others ; 
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greater than what is ever excited in making 


lime in this country or elſewhere, ſo far as E 
L 
fuſpected that the lime commonly uſed | in 
building is ſeldom or never ſufficiently burned. 


Ox repeated trials of ſeveral n of 
ſuch lime, I found this ſuſpicion to be well 
founded, for they all efferveſced and yielded 


acidulous gas, more or leſs, during the ſolu- 


tion of them, and flaked flowly in compa- 
riſon with well burned lime. 


To render the efferveſcence conſpicuous, a 
ſtrong acid ought to be uſed, becauſe the 
quantity of water in a diluted acid, retains a 
proportional ſhare of the acidulous gas, and 
a certain quantity will retain the whole of it, 
and prevent the efferveſcence ; becauſe the ef- 
ferveſcence depends on the eſcape of the elaſtic 
fluid out of the ſolution. This 1s exemplified 
in the mixture of diluted vitriolic acid with 
the diluted ſolution of ſalt of tartar, lately re- 
commended as a medicine by Dr. Hulme : for 
theſe ſolutions mix without efferveſcence ; 


although a more concentrated ſolution of the 
C4 5 alkali 


, 
alkali mixed with vitriolic acid efferveſces 
violently. 


By ſeveral experiments, the relation of 
which 1s not neceſſary for thoſe who are in- 
ſtructed in chemiſtry, and would be uninte- 
reſting to others, I found that the chalk lime 
uſed in London, when taken as freſh as it can 
be had at the lime-wharf near Blackfriars- 
bridge, conſiſts of pieces which being the 
beft burned contain, eſpecially in their cen- 
tral parts, about one-twentieth of their weight 
of acidulous gas; of others which contain 
more; and of others which retain near half 
their original quantity ; that theſe laſt are 
eaſily diſcoverable by their ſpecific gravity 
and hardneſs; and that this is the part of 
our common lime, which flakes the lateſt and 
of the duſkieſt colour, or which never flakes 
at all, 


On a peck of this lime I ſprinkled water, 
endeavouring to flake it equably by throwing 
the moſt water on thoſe pieces which re- 
quired it moſt. After the lime had ſtood a 
quarter of an hour, to ſlake, I ſifted it through 
a ſieve whoſe apertures were ſquares of one 

ſixteenth 


L i TI 
fixteenth of an Inch; and then meaſuring 


the part which could not paſs through the 


fieve, I found it to be about one fifth part of 
a peck. 


I ſprinkled boiling water on this coarſe 
part, and put it in a cloſe veſſel in a warm 
place to accelerate the flaking of it. 


I made a parcel of mortar with one part of 
the fifted lime and three of ſand with a ſuffi- 
cient quantity of water ; and another parcel 
with one part of the lime fix of ſand and the 
neceſſary quantity of water; and I tried 
them upon tiles in the manner already related, 


in the month of April, the weather being 
dry. 


The foregoing coarſe portion of the lime, 
after three hours, was ſlaked in ſeveral parts 
to a greyiſh powder, and I could perceive 
that more of it would flake in a longer 
time. I anticipated this by reducing the un- 
ſlaked part to powder and mixing them toge- 
ther, ; | 


WII 


( 26 J 


Wiru this powder and ſand and water itt 


the foregoing proportions I made two ſpeci- 
mens of mortar, and expoſed them as I had 
done by the former. 


In a few months it appeared that the ſpe- 
cimens laſt mentioned ſcarcely deſerved the 
name of mortar 3 whilſt thoſe made with the 
firft ſlaked part of the lime, were but little 
inferior to the beſt ſpecimens made with the 
ſame proportions of chalk lime and ſand. 


Tuxsx experiments confirmed me in the 
opinion that lime is the better for mortar 
as.it is freer from acidulous gas ; they ſhewed 
one of the cauſes of the badneſs of our com- 
mon mortar ; and how to manage ill-burnt 
lime, when better cannot be had. : 


Tü workmen uſually flake the lime 
mixed with the ſand or gravel in great heaps, 
and do not ſkreen it until the moſt uſeful 
part is debaſed by that which flakes after five 


or fix hours or more, and which is little bet- 


ter than ſo much powder of chalk. But if 


they would ſkreen the lime in about half an 


hour 
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for I obſerved in all the foregoing ſpecimens, 


1 2 4 


hour after the water is thrown on it, the 
mortar- would be much better, although the 
quantity of lime in 1t ſhould be much leſs; 


that thoſe which contained the ſmalleſt 
quantity of hme were the beſt; and this 


quantity 1s much ſmaller than is uſually em- 
ployed in making mortar. 


THESE remarks are applicable to mortar 
made with ſtone- lime; though the ſtone- lime 
be generally better than the chalk- lime uſed 
in London, becauſe they are obliged to burn 
it better, as it will not flake otherwiſe. 


In the brief relation of theſe experiments I 
have taken no notice of the flint kernels which 
frequently occur in chalk-lime, or of the 
other ſtoney maſſes different from the cal- 
carious, which are found in lime- ſtone; be- 
cauſe I took care that they ſhould not lead 
me into any errors. 


Wax firſt I noticed the quantity of chalk- 
lime which flakes lateſt or not at all, I ſuſ- 


pected that this difference might in ſome de- 
gree be owing to the admixture of argillaceous 
„ Eh or 


— 1 
or other matter; but on trying theſe parts in 
acids, and after burning ſeveral ſpecimens of 
them, I was convinced that the only impe- 
diment to their ſlacking conſiſted in their 
not being ſufficiently burnt in the kiln. 
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SECTION V. 


Experiments ſhewing how quickly lime imbibes aci- 
dulous gas, and is mjured by Expoſure to Air: 
Practical Inductions, &c. 


TT was already known that lime expoſed 


to air gradually loſes thoſe characters 
which chiefly diſtinguith lime from whiting 
or powder of chalk, and that it refumes the 
acidulous gas which had been expelled from 
it in burning. But as I was deſirous to know 
in what meafure or time theſe changes take 
place, and in what circumſtances they are 
accelerated or retarded, I made the following 


Experiments. 


On the 22d of Auguſt 1776 J expoſed two 
pounds avoirdupoiſe of well-burned noneffer- 
veſcent chalk lime, in fragments of the ſize 


of a walnut ſpread on a board, in a dry un- 
frequented room. I expoſed the ſame quan- 
tity of this lime, at the ſame time and in the 


ſame manner, in a paſſage through which 


there was a conſtant current of air; and J 
put 


t #1 
put the ſame quantity of this lime, in frag- 
ments of the ſame ſize, in a box which might 
hold as much more of it, and placed the box 
looſely covered with its lid, cloſe by the firſt 
8 of lime. 


bh 24 hours the ſuperficial lumps of the 
frſt parcel cracked in ſome parts a little, thoſe 
of the ſecond cracked more, thoſe of the 
third were not viſibly altered. In forty-eight 
hours the firſt parcel cracked fo much as to 
fall into ſmaller fragments on being moved, 
and theſe were reducible to powder by preſ- 
fing them between the fingers » The ſecond 
parcel underwent the like or rather a greater 
change, for it was more cracked and friable: 
The third now begun to crack in the ſu- 
perficial parts. 


Ox weighing them, I found that the firſt 
parcel weighed two pounds five ounces, the 
ſecond two pounds fix ounces and one drachm, 
the third two pounds one ounce ten drachms: 
J then returned them to their former ſta- 
tions. 


T4 3 
In ſix days the firſt parcel weighed two 
pounds ten ounces: ſeven drachms; the ſe- 
cond two pounds twelve ounces one drachm; 


the third two pounds four ounces eight 
drachms. 


In twenty-one days the firſt parcel weighed 
three pounds one drachm; the ſecond three 
pounds two ounces one drachm and a-half; 
the third two pounds ſix ounces eight 

drachms. | | 


t 
Dunixo this increaſe of weight the frag- 
ments ſplit into ſm aller pieces, but did not 
fall into powder, except in a ſmall part of 
them, or when they were handled. | 


By fimilar experiments made on well burned 
ſtone lime I found that this imbibes matter 
from the air nearly in the ſame manner as 
chalk lime, but rather more ſlowly ; which I 
think is owing to its cloſer texture. 


Ox expoſing common chalk or ſtone lime 


in the ſame way, I find that it increaſes in 
weight much leſs and more ſlowly. 


To 
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Js diſcover the quantity of watet which the 
lime imbibed from the air, and which con- 
tributed to this increaſe of weight, I put each 
parcel in a glaſs retort; and adjuſting to it 
my apparatus whereby all that is con- 
denſible is ſaved, whilſt elaſtic fluids are at 
liberty to eſcape, I found that the quantity 
of water contained in each parcel of lime, 
was nearly in ſome, and in others accu- 
rately one - twenty- fourth of the gained 
weight, the remainder of the weight gained 
was of acidulous gas mixed with a little air, 
which latter I do not reckon, becauſe it was 
already weighed in the lime. 


Ir a glaſs bottle be filled with fragments of 
well-burned chalk lime, or ſtone lime, or 
ſhell lime, and well ſtopped with a ground 
glaſs ſtopple ſlightly waxed where it fits the 
neck of the bottle, the lime will remain un- 
altered in weight, or in any other known 
particular, for a year or two; as I have re- 
peatedly experienced: even the phoſphoreſ- 
cence of lime is thus preſerved in its full 
Juſtre, for a year or more. 


Tnus it appeared that well burned lime 
imbibes 


LW 1 

mbibes acidulous gas from the air, the 
ſooner as it is the more fully expoſed ta 
it: that lime imbibes this matter from the 
open air, the more greedily as it is more per. 
fectly deprived of it previous to the expoſure : 
that lime cannot be long preſerved unal- 
tered in any veſſels which are not perfectly 
air-tight, but may be kept uninjured for any 
time in air-tight veſſels filled with it : that 
chalk lime, by reaſon of its ſpongineſs, or 
by ſome other condition of it, requires to be 
kept leſs expoſed than ſtone lime, and well 
burnt lime leſs expoſed than common lime, 
to render the depravation of them equal in 
equal times: that if acidulous gas imbibed 
by lime previous to its being uſed in mortar, 
be as injurious to the mortar, as the acidulous 
gas retained in equal quantity by ill-burned 
lime is, lime grows the more unfit for mortar 
every hour that it is kept expoſed to air, 
whether in a heap, or in cafks pervious to 
air. 


I THINK moreover that theſe experiments 
ſhew that lime undergoes theſe changes by 
expoſure, much quicker than has been ſuſ- 
pected; ſince well burned chalk lime kept in 

D | a 
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adry room, imbibes near a pound of acidulous 
gas in three weeks, in the ſummer ſeaſon. 


Nor to truſt to theory what I could prove 


by experiment, I did not reſt ſatisfied with 


the obſervations and reaſons which might 
perſuade one that lime, which has imbibed 
ſore acidulous gas, is as unfit for the uſes 
now under conſideration, as lime which re- 
tains an equal quantity of the hke matter 


by reaſon of the deficiency of heat in burn- 


ing it. 


I TRIED parcels of well burned chalk and 


ſtone lime, ſome of which were uſed freſh, 


others expoſed two days, others fix days, 
others twenty-one days, in the ſame circum- 
ſtances; by making ſeveral ſpecimens of 
mortar with them, and expoſing the ſpeci- 
mens in the manner already related: and in 
a few months I was ſatisfied that the ſpeci- 
mens made with freſh lime were the hardeſt 
and beſt, and that the others were worſe as 
the lime of them had been longer expoſed : 
for thoſe made with the hme which had 
been expoſed three weeks and had gained 
four or five ounces to each pound, were ſa 

| ealily 
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eaſily cut or broke, ſo much affected by 
moiſture and drying, and ſo liable to break 
off from the tiles, as to be utterly unfit for 
the ordinary uſes of mortar, 


AFTER this there remained no doubt that lime 
grows worſe for mortarevery day that it is kept 
inthe uſual manner in heaps or in crazy caſks ; 
that the workmen are miſtaken in thinking 
that it is ſufficient to keep it dry; that lime 
may be greatly debaſed without flaking ſen- 
fibly; and that the ſuperficial parts, of any 
parcel of lime, which fall into ſmall fragments 
or powder without being wetted, and merely 
by expoſure to air, are quite unfit for mortar ; 
ſince this does not happen until they have 
imbibed a great deal of acidulous gas. 


I Now ſaw more clearly another caufe of 
the imperfection of our common cements. 
The lime being expoſed a conſiderable time 
before it is made into mortar, and drinking 
in acidulous gas all the while, the quicker as 
it is the better burned, is incapable of acting 
like good lime, when it is made into mortar ; 
and often approaches to the condition of 
whiting, which with fand and water makes 
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a friable periſhable maſs, however carefully 


it be dried. In London particularly they uſe 
lime which is burned, at the diſtance of ten 
or twenty miles or more, in Kent and elſe- 
where, with an inſufficient quantity of fuel. 
This lime remains in the kiln, to which the 
air has acceſs, for many hours after it is 
burned. It is expoſed for ſome days in the 
tranſportation, and on the lime-wharfs ; and 
it undergoes further expoſure and carriage 


before the artiſt flakes it for mortar. It 


is no wonder that the London mortar is 
bad, if the imperfection of it depended 
ſolely on the badneſs of the lime; fince the 
lime employed in it, is not only bad when it 
comes freſh from the kiln, but becomes 
worſe before it is uſed, and when ſlaked is 
as widely different from good lime, as it is 


from powdered chalk. 


SECTION 
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SECTION VI. 
E x periments and Obſervations made to determine 
whether Mortar be the better for being long 
kept before it is uſed. 


I AM generally diſpoſed to think that 
there is ſome good reaſon. for any prac- 
tice which is common to all men of the 
ſame trade, although it may not be eafily 
reconcilable to the notions of others: and 
ſeeing that the builders flake a great quan- 
tity of lime at once, more than they can uſe 
for ſome days, and that all thoſe, whom I 
converſed with, eſteemed mortar to be the 
better for being long made before it is uſed 
and that plaiſterers particularly follow this 
opinion in making their finer mortar or 
ſtucco for plaiſtering within-doors; I was 
defirous to diſcover the grounds of theſe 


meaſures ſo repugnant to the notions gathered 
from the foregoing experiments and others. 


IN the month of March 1777 J made 
about a peck of mortar, with one part of the 
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freſheſt and beſt chalk lime ſlaked, ſix parts 
of ſand, and water q. ſ; for in a great number 
of experiments, I obſerved that this propor- 
tion of lime was better than any larger which 
I had tried, or which the workmen obſerve 
in making mortar. | 


I rok the mortar into an hemiſphe- 
rical heap on the paved floor of a damp cel- 
lar, where it remained untouched twenty- 
four days. At the expiration of this time, I 
found it hardened at the ſurface ; but moiſt, 


and rather friable or ſhort than plaſtic in the 


interior parts of it. 


I BEAT the whole of it with a little water 
to. its former confiſtence; and with this 
mortar and clean new bricks, I built a wall 
eighteen inches ſquare and half a brick in 
thickneſs, in a workman-like manner. On 
the ſame day I made mortar of the ſame 


kind and quantities of freſh chalk lime and 


ſand, tempered in the ſame manner; and I 
built a wall with it, hike the former, near it, 


and expoſed equally to the weather. 


| DOD J 
I xxammneD. the mortar in the joints of 
theſe walls every fortnight, by picking it 
with a pointed knife, and could perceive a 
very conſiderable difference in the hardneſs 
of them; the mortar which was uſed freſh 
being invariably the hardeſt, 


Ar the expiration of twelve months, in 
pulling theſe walls to pieces, and by ſeveral 
trials of the force neceſfary to break the 
cement and ſeparate the bricks, I found the 
mortar which had been uſed quite freſh, to 
be harder and to reſiſt fracture and the ſepa- 
ration of it from the bricks, in a much greater 
degree than the other ſpecimen. 


CONSIDERING that mortar expoſed in the 
foregoing manner, muſt imbibe ſome acidu- 
lous gas, though not ſo much, perhaps, as the 
dry and ſpongy lumps of lime drink in, dur- 
ing the ſame time; that the additional quan- 
tity of water neceſſary in beating it up the 
ſecond time, muſt have introduced more of 
the like matter, as all native waters contain 
ſome quantity of it; that the freſh expoſure | 
in the laſt mentioned agitation of the mortar 
muſt have contributed ſomething to the ſame 

Da: effect; 
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effect; and laſtly that the event of this expes 
riment coincided with the notions already de- 
rived from others; I concluded that mortar 
grows worſe every hour that it is kept be- 
fore it is uſed in building, and that we may 
reckon as another cauſe of the badneſs of 
common mortar, that the workmen make 
too much at once, and falſly imagine that it 
1s not the worſe but better for being n 
ſome time. 


Havins in conſequence of theſe obſerva- 
tions had a great deal of converſation with 
workmen on this ſubject, I could perceive 
the origin of this error. 


SoME portions of every kind of lime uſed 
in this country, do not flake freely, by rea- 
ſon of their not being ſufficiently burned, 
or of the admixture of gypſeous or argil- 
laceous matter; and theſe, like marle, flake 
in time, though not ſo quickly as the you 
lime. 


TRE plaiſterers, who uſe a finer kind of 
mortar made of ſand and lime, obſerve that 
their plaiſter or ſtucco bliſters, when it con- 


tains 


1 


tains ſmall bits of unſlaked lime; and as their 


purpoſe is to work their ſtucco to a ſmooth 
ſurface, and to ſecure it from cracking, or any 
ſuch roughneſs as would be occaſioned by 
the flaking or mouldering of bits of calca- 
reous matter in the face of it; and as the hard- 
neſs of the ſtucco is not their chief object; 
they very properly keep their mortar a conſi- 
derable time before they uſe it, to the end 
that the bits of imperfect lime, which paſſed 


through the ſkreen, may have time to flake 
thoroughly. 


IT appears to me that there is another rea- 
ſon, which the workmen do not notice, for 
their proceſs. Lime ſoon imbibes ſo much 
acidulous gas from the air, as to be in- 
creaſed in bulk, and in weight beyond the 
half of its former quantity; and as ſtuzco 
for inſide work, for the ſake of a fine grain 
and even ſurface, muſt have a greater quan- 
tity of lime in its compoſition, than is ne- 
ceſſary for cementing the grains of ſand to- 
gether ; the incruſtation would, by the acceſs 
of acidulous gas after it is laid on, be apt to 
ſwell and chip and loſe the even ſurface, 
if the lime were freſh when it is uſed in this 

exceſſive 
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exceſſive quantity. But this inconvenierics 
is obviated by their proceſſes, in which the 
lime, whether flaked into water or other- 
wiſe, imbibes a conſiderable quantity of the 
gas, and is therefore the leſs apt to bliſter 
or ſwell, after the ſtucco is laid on. 


Tun builders conſidering the plaiſterers 
mortar or ſtucco as a finer and better kind 
of mortar, think it not amiſs to imitate them 
in thoſe particulars which are not attended 
with any expence, and eſpecially in the 
practice of flaking a great deal of lime at 
once, and of keeping the mortar made ſome 
time; and they do not ſeem to know, that 
ſuch meatures prevent the mortar from ever 
acquiring that degree of hardneſs in which 


the perfection of mortar truly conſiſts. 


SECTION 
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SECTION VII. 


Of the Depravation of Mortar by the common 
Method of ufing the Water; and of the Uſe of 


Lime water. 


INDING by reaſon and experience, the 
advantage of totally expelling the gas, 
and preventing the return of it to lime or 
even to mortar before it is uſed; and 
knowing that common water, which is em- 
ployed in great quantities, firſt in flaking 
lime, and then in making mortar, contains 
a great deal of the noxious gas; it occured 
to me that the vulgar proceſs of making 
mortar is in this freſh inſtance injudicious, as 
it tends to injure materials otherwiſe good. 


Tur flake lime in ſuch a manner that 
almoſt the whole of the water 1s evaporated, 
and contributes nothing to the mortar, except 
ſo far as it depoſites its gas in the lime and 
injures it; and then the flaked dry lime and 
the ſand, require more water to make them 

into 
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into mortar. I have found the quantity of 


water uſed for both theſe purpoſes, to be 
twice the weight of the lime, at the leaſt. 


Tx quantities of acidulous gas known to be 
contained in the waters commonly uſed in mak- 
ing mortar, muſt greatly debaſe the lime which 
is thus expoſed to double its weight of fuch 
water; and upon theſe grounds I was aſſured, 
4 priori, that it would be a conſiderable im- 
provement in mortar, to uſe no water in it 


except what has been previouſly freed from 


acidulous gas: 


Tris is donc in making lime-water; and 


in another point of view. One ſeven hun- 
dredth part of lime water being lime, accord- 
ing to the experiments of Mr. Brandt which 
J find to be true; and this lime being 1n- 
troduced in a ſtate of ſolution which favours 
the cryſtalination of it between the grains of 
ſand, affiſts in cementing them together by 


the utmoſt attractive forces of its parts, if 


my notions of the polarity of theſe parts 
be true. 
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the uſe of lime water appeared advantageous 


\ 
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I Maps divers experiments to try the prac- 
tical validity of this reaſoning, and found it 
to be true; for on comparing ſpecimens of 
mortar made with my beſt lime flaked with 
river water, and ſand and water, and ſpread 
on tiles foaked in water, with other ſpeci- 
mens made with the ſame proportions of lime 
flaked with lime water and ſand and lime 
water, and ſpread on tiles previouſly ſoaked 
in lime water, the latter, at every age of them, 
were ſenſibly harder, and they adhered to 
the tiles better than the former. I muſt ob- 
. ſerve however, that ſuch diſtinctions cannot 
eaſily be made, except by thoſe who have 
a great deal of experience in theſe trials and 
compariſons. Onrepeatedexaminations of theſe 
and my other ſpecimens, I was highly en- 
couraged in my purſuit ; tor thoſe made with 
lime water were better near the ſurface than 
any I had ever made; and I had good reaſons 
to be perſuaded that the extraordinary indu- 
ration would proceed in time through the 
whole maſs, 


SECTION 
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SECTION VIII. 


Experiments made with a View to approximate 
the beſt Proportions of Lime Sand and Water, 
for Mortar. 


N reading over my notes, and examining 

the ſpecimens of mortar which I had hi- 
therto made, I perceived that thoſe were the 
beſt which being made with common freſh 
hme, or with well burned lime, contained the 
leaſt of it; that is one ounce of lime in fix or 
more of ſand; and finding this quantity of lime 
to be much leſs than is uſed in the common 
way of making mortar; and ſuſpecting that 
as a wall may be the weaker for its containing 
too much mortar, which widens the joints, 
ſo mortar may be weakened by the introduc- 
tion of more lime than is neceflary to cement 
the grains of ſand together; I thought an- 
other cauſe of the defect of common mortar 
opened to my view ; and that it was adviſable 
to determine by experiment, what is the beſt 


propor 7 
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proportion of lime to ſand, in making mortar 
in which lime water 1s uſed. 


I MADE five parcels of mortar with my beſt 
ſtone lime recently ſlaked with lime water, 
and with the coarſe 'Thames ſand, in the 
following proportions by weight. 


: I 2 
Slaked lime — — 
Sand — — 


Lime water, q. ſ. 


2, 
Slaked lime — Bs I 
Sand — op 5 
Lime water, q. ſ. 

3. 
Slaked lime — — I 
Sand a . 6 
Lime water, q. ſ. 

4» 
Slaked lime — — I 
Sand — — 7 
Lime water, q. ſ. 

| 5. Slaked 
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Slaked lime FOO 3 
Sand — | — 8 


Lime water, q. ſ. 


THis latter ſpecimen was not ſufficiently 
plaſtic for common uſe; or as the workmen 
expreſs themſelves, it was too ſhort. I fur- 
ther obſerved that the quantity of water re- 
quired to make mortar to the proper temper, 
is greater as the quantity of lime is greater 
relatively to the quantity of ſand. 


I sPREAD theſe on tiles in the month of 
June, and expoſed them to the air and the 
ſun, which then was very hot, 


As my former experience taught me ta 
expect that ſome of theſe, in haſty drying, 


would crack conſiderably ; and as mortar, in 


building, is not liable to dry ſo quickly as 
theſe ſpecimens; in order to render the in- 
ferences from theſe experiments the more 
general, I made five other parcels of mortar 
in the ſame manner and expoſed them in the 
fame way, in every reſpect, except that the 


direct rays of the fun could not fall on them 
_ 
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or heat the pavement on which they ſtood. 
In three days I found this neceſſary, for the 
firſt of thoſe which ſtood expoſed to the- tun 
cracked conſiderably, the ſecond cracked 
leſs, the third ſhewed three or four very 
ſlender fiſſures: viſible only ona very cloſe 
inſpection; the fourth and fifth ſhewed no 
cracks at this time, nor in a- month after- 
wards, when the fiſſures of- the others. were 


— 


conſiderably enlarged. 


Or the! ſpecimens kept in the ſhade and 
examined on the third day like the former, 

the firſt was cracked in divers parts, the for. 
cond ſhewed | two or three very flender 
ericks; the reſt were not cracked in the 
leaſt, and nevet cracked afterwards, although 
IL was forced to remove. them to the place 
where the others ſtood. 2:7: 1 
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„Tune it appeared in a very ſhort time that, 
an exceſs of lime diſpoſes mortar to crack, 
and conſequently ; injures it; that the higheſt 
proportion of lime to ſuch ſand, which may 
he uſed without incurring this. inconvenience, 
depends on the cireumſtances in which the 
mortar is to be expoſed; that no more than 

E one 
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which contained leſs lime, and were too 


. 


one part of lime to ſeven of coarſe ſand 


6ught to be uſed in mortar which is to dry 


quickly; and leſs lime may not be uſed, be- 
cauſe it does not render the maſs ſufficiently 


plaſtic for building or incruſtation; and that 


H a greater proportion of lime to ſuch ſand. 
iniproves the mortar in any reſpect, it is to 
be uſed only where the mortar cannot dry ſo 
quickly as it did in the e expoſed to 


the ſun. 


I the courſe of nine months I clearly per- 
ceived that thoſe ſpecimens which ſtood ini 
the ſhade for the firſt three days, were 
harder; and” better in other reſpects, than 
choſe which were ſuddenly expoſed to the 
ſun, the compariſon being made between the 
ſpecimens which contained the: fame pro- 
portions of lime, and which cracked the 
leaſt, or not at all: and of all the ſpecimens, 
thole were the beſt which contained one 
part of lime in ſeven of the ſand : for thoſe 


ſhort whilſt freth, were more eaſily cut and 
broke, and were pervious to water; and 
theſe which contained more lime, although 
they were cloſer in the grain, did not harden 
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fo ſoon or ! ta; ſo great a degree, even when 
they cſeaped racking by Jying in the ſhade 
nn. Sippe £41 
— conchaded 4 thar haſty: avis 
injures mortar made in any proportions 'of | 
ſuch ſand: and the beſt lime; and that the 
beſt proportion is one of lime in ſeven of 
ſand, whether the mortar is to be quickly 


dried or not. 


Cs 
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I usr obſerve however that theſe conchu- 
ſions were made rather with a view to my 
future experiments, in which an approima- 
tion to the beſt proportions of lime and ſand 
-and the beſt treatment of the mortar would 
fave a great deal of trouble, than to any ge- 


neral er rele oy n mortar. 
gif et i Ranc 
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1 Aen. ir: vs be Alete in this 
place, that I ſet apart four ounces of each of 
the foregoing ſpecimens of mortar; and 
ſpread theſt portions ſeverally on plate of 
thin window glaſs, to the thickneſs of a 
2 quarter of an inch or thereabouts; and' I 
noted the. weight of each plate with ies ſpe- 
cimen of mortar worry made. 
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Tuxs being equally expoſed! to the fun 


ahd weighed at different periods were found 
to loſe weight in equal times nearly in the 


proportion of the quantity of lime or of wa- 
ter uſed in making them; and the ſmalleſt 
loſs of weight when the ſpecimens were per- 
fectly dry and conſiſlerably Hardened, Was 
one-tenth. of the weight of the ſame ſpeci- 


k 


+» 
0 + 4 


Is many former experiments I had ob- 
ſerved; but reſerved it ti be mentioned in 
this place, that mortar which ſets without 
cracking, whether this be owing to the due 
proportion of ſand, or to the flow exhalation 
of the. water from mortar containing leſs 
ſand; never cracks afterwards, whatever 
other: faults. it may have: the ſpecirens men- 
tioned in this ſection, after a trial of eighteen 
months afforded the ſame obſervation. 


4 
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'::s By-the-ſetting of mortar, I underſtand that 
ſolidity which it acquires by mere drying, 
and Which differs widely from the induration 
that takes place intime by other means 


Which we ſhall preſently conſider.. 
2 SEEING 


) 
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| Sarix then that the quantity of water in 
mortar is as The quantity of Iime,, that the 
fiſſures happen only in the drying or ſetting, 
that the danger of cracking is greater, not 
| merely as the quantity of water is greater 
| relatively to the ſand, nor merely as the Wa- 
| ter. 15 more expeditiouſly exhaled, but in a 
| rate compounded of theſe ; L inferred that 
mortar which is to be uſed where it- muſt 
dry quickly, ought to be made as ſtiff as the 
purpoſe will adnut, that 1s, with the ſmalleſt 
| PE practicable quantit; of water; and that mor- 
tar will not crack, although the lime b be 
a uſed in exceſſive quantity, provided. it be 
made ſtiffer or to a thicker conliſtence than 


mortar uſually i IS, 


Turs inference was afterwards found to be 
true: for ſpecimens made thus with one part 
of lime and only fix of the ſand, and others 
made with greater proportions of lime, but 
as ſtiff as they could be uted, did not crack, 
in any expoſure: but they had faults which 


"Pp 


will be hereafter noticed,, 
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E SECTION 


1 of the Induration dependent on the Po- 
portions of Lime and Sand in Mortar, and 
Obfervat ations on the bad Effect: of the vulgar 
Proportions of theſe. | 1 


1 ſufficiently known that the aggre- 
gation of calcareous bodies, which burn 


. to Time, or are chiefly Hips ofed of the mat- 


ter of lime, is much weaker thin that of 
the quartoſe; inſomuch that the tee! which 
eafily cuts all calcareous ſtones or ſpars, is 
as eaſily cut by the ſiliceous; and all ſtones; 
or powders which are choſen for cutting or 


grinding ſteel, are found to have this effect 


i'd 
by reaſon of their ſiliceous or quartoſe parr 


ticles. 


Tus being conſidered together with divers 


obſervations heretofore related, 1 reaſoned! in 


the ſubſequent manner. 


As ſtones are cemented together in walls. 


by the mediation of mortar, ſo the grains ot 
2 ſand 


T6 4 


Wy" made to cohere and form 
mortar, by the intervention 


| ſand or gray 
a ſolid maſs 
of lime. 


By the bare inſpection, as well as by the ex- 
perienced induration, agg part of lime paſte ap- 
pears ſufficient rointergMe thegrainsof ſeven of 
and without interruption of Dae uity, and in 
: drying go fill the ſpates between them, or to at- 

tract matrerenough Pu af Efrom the air. 


Ax this cal . 2 here at _ alt 


eſt diſtances . 2 by means of the 
of cAarebu# matter; and 


thinneſt lamit | 
ſuch mortar is the ſtronger It conſiſts of the 


greater quantity of hard quartoſe bodies co- 
hering by meg, of the ſmalleſt practicable 
quantity of ſofter and brittle calcareous ſtrata; 
juſt in the ſame manner as a wall, built with 
porphyry and bad mortar, is, cœæteris paribus, 
the ſtronger as the joints are made thinner : 
for all maſſes of tuch ſtructure as mortar or 
cementious walls, reſiſt fracture and ruin, 
with powers of aggregation which are, not 
merely as the aggregation of the ſtones or 
bricks, nor barely as the aggregation of the 
ſofter cement, but in a. ratio compounded « of 

Es: theſe, 


— 


— ol — — £3 - 
—_ 4 453 ** 25 . — 2 — 2 * * — — * "> « * —— — 
_— — - hw" * ws « * — — _ — "= — 
—— << uo —•—é egy — — Coo — — — : — 


theſe, and varying with „ „ which 
we need not attend to at prefeht; and thoſe 
maſſes therefore will refiſt the moſt, in which 
the ſtronger aggregates bear the greateſt pro- 
portion to thetweaker, fo far as it is conſiſtent 
with the continuity em. 


4 


SECONDLY,” The ſmall ſtones which com- 


poſe a heap of ſand do not imbibe water: 
their volume is not encreaſed by, wetting 


them nor leſſened W does a4 


meaſure of wet ſand co 


Poſibly in dry- 
ing: this laſt I have repeategFy experienced. 
But ſmall bits of lime are Lonſiderably in- 
creaſed in bulk by wetting them; and as the 
ſoft paſte of lime contracts greatly in dry- 


ing, it muſt crack in every part where the 


drying paſte is prevented, by its adheſion to 
bodies or by other cauſes, from contracting 
uniformly and concentrically, As the con- 
traction of mortar in drying, and its confe- 
quent cracking, depend on the lime paſte, 
and not on the ſand, they muſt take place 
in the greater degree, as the quantity of lime 


and water is greater, and they muſt be leſ- 
ſened or prevented by a due proportion of 


ſand; which proportion experience ſhews te 


be 
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be ſeven parts bl ſand to one of lime. Thus 
t 


we underſtand the cauſes of cracking, and 
how it happens that this defect is prevented 
by uſing leſs than the cuſtomary quantity of 
lime; and, although the lime ſhould be uſed 
in exceſs, by uſing leſs than the uſual quan- 
tity of water, 


Twenty, The more perfect and expedi- 
tious ſetting and induration of mortar con- 
taining only one part of lime in ſeven of 
ſand, than of mortar made with greater pro- 
portions of lime, may be deduced from ſeve- 
ral concurrent cauſes. Having leſs water 
in its compoſition, it dries ſooner, and the 
calcarious matter cryſtalizing more quickly 
in it, gives it ſooner that ſolidity which we 
expreſs by the word ſetting. Having 
leſs lime in its compoſition, it is ſooner 
ſaturated with the matter which the air 
preſents, and which ſeems necefiary to 
the induration of mortar; and in this ſfatu- 
ration, the ſwelling of the lime is not ſo 
great as to puſh forth and derange the 
grains of fand after they have once been 
placed and in ſome degree cemented together. 


THIS 
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Tus latter — from the 
exceſs of lime, cannot eafily happen in mor- 
tar compreſſed on all ſides in maſſive build- 


ings; but it manifeſtly occurs in the exterior 


parts of the joints in walls, where the mor- 
tar viſibly ſwells and after iwelling crumbles: 
it is Iikewiſe viſible in the upper part of walls 


of modern conſtruction, where the ſwelling 


is not prevented by a ſuperincumbent weight. 
In theſe caſes the joints become hollow; 


houſes lately built look old or ruinous; and 


the bricks themſelves, being bibulous, in ſuch 
expoſure ſoften and moulder, in conſequence 
of the alternate wetting drying freezing and 
thawing; theſe being effectual agents in the 
diſſolution of all bodies which freely imbibe 


moiſture. 


Wirncur awaiting the event of thoſe ex- 
periments which I have lately made on the 
great ſcale, and ſhall point out before I con- 
clude this effay, we ray on theſe grounds 


alone aſſure ourſelves that the ſtrength 


and duration of the calcareous incruſtations 
compoſed of lime and fand, will be greater, 


as we depart further from the propc rtions of 


lime and ſand commonly uſed, approaching 


ta 


„ 

to that of one part of lime to ſeven of fandy 
becauſe the ſtucco which hardens the ſooneſt 
muſt be the leaſt injured, whilſt-it is new, 
by the beating rains, and various accidental 
inpreflions ; becauſe that which adheres moſt 
firmly to the other materials of buildings, 
and which acquires the greateſt degree of 
induration, muſt contribute moſt to the 
ſtrength of the walls, and beſt withſtand the 
ſhocks, attrition, and other trials to which 
the ſtucco is expoſed; becauſe that which 
contains the greateſt proportion of ſand, is 
leſs able to be injured by any ſaline matter 
with which the air is ſometimes impregnated, 
as its calcareous matter is the better defended 
by the ſand: but above all, becauſe the ſtucco 
made with one part of lime and about ſeven 
of ſand, is not diſpoſed to crack: for incru- 
ſtations in this climate periſh ſooner by rea- 
{on of the fiſſures than of any other defect; 
becauſe the water imbibed into the ſlendereſt 
of them, as well as into thoſe which appear 
on a curſory view, ſwells in the congelation, 
and dilates them; and frequent alternations of 
wetting and freezing, gradually widen them, 
until the ſtucco 18 ne _ torn from the 
walk. ene Tied 
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SECTION X. 


Experiments on old Cements, ne fs FE 


' » portion lately recommended of Lime and Sand. 


diſcover the quantity of hme and 

ſand originally uſed in any hard and old 
cement which I find by a previous analyſis to 
conſiſt of lime and ſand or clean gravel, I 
break a pound of it into ſmall fragments, but 
not into powder, and with diluted marine 
acid I diſſolve and waſh away the calcareous 
part from the gravel or fand. I meaſure the 
acidulous gas. obtainable during the ſolution, 
and knowing the weight of any quantity of 


it in any temperature or weight of the aerial 


atmoſphere, I ſubtract this weight of acidu- 
lous gas and that of the ſand or gravel, from 
the whole weight of the mortar, and ſtate, the 


reſiduary weight as that of the lime origr 
nally employed; knowing that it could not 
have made ſo hard a cement, if it had not 
been ſo far burned as to retain very little, aci- 
dulous gas. I did not adopt this method of 


Examination before I had found it to exhibit 
HIT the 


q 


" " 
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the lime and ſand of my oldeſt and hardeſt 
cements in the ſame proportions in which I 


3 & © 


tilde; 1 Gadd: chat the 8 of lime in 
old cements made with clean ſharp ſand, and 
noted for their hardneſs, was much leſs than 
is now commonly uſed in mortar; and that 
in the hardeſt, it was very near to that which 
my n indicate to be the beſt. 


By ſharp and I mean that whoſe n 


are bounded * flat ſurfaces. 


Thus 1 found che 1 de from my 
Pre to be authenticated by long ex- 
perience, ſo far as they relate to the propor- 
tions of lime and ſuch ſand. | 
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Ee dun, and — ſhewing the Agency 
_ aciditlous Gas in the Indluration of Mortar, 


2d Ccumſlances v0 impede or Bae it. 
- Pratfical InferenCes. 1 
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2. uten e on lend Hock 
mens of mortar, at different periods, led 
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me early into the opinion that the ſetting of 


mortar depends chiefly onithe exſiccation of it, 


the acceſſion of acidulous gas in certain circum- 
ſtances, and not to the drying, as the: work- 
men generally imagine. In order to place 


the circumſtances which favour ar. impede 
this induration, I made the ſubſequent in- 
quiries. 


EXPERIMENT I. 
I Mare mortar with ſeven parts of the 
Thames ſand, one of the beft flaked chalk 
lime and the neceflary quantity of lime wa- 
ter, and forming a part of it into oval pieces, 


but that the induration is principally owing to 


this opinion beyond a doubt, and tg difeover 


c 


„„ 
I put theſe into a gallon bottle, which 1 
ſtopped cloſely with a ground glaſs ſtopple 
waxed ; and I noted the groſs weight of the 
bottle and mortar, and placed it expoſed to 
the fun, Having examined it frequently 
during the firſt month, I could perceive no 
alteration in the weight, nor any thing 
worth notice, except that ſome water ex- 
haled out of the mortar, and condenfed in 
bright drops on the fides and upper parts of 
the bottle. At divers times during -fix 
months afterwards I ſhook and weighed the 
bottle, and found. the mortar quite ſoft and 
the weight of the whole unaltered. 


— 


| EXPERIMENT 2. 

ANOTHER portion of the ſame mortar was 
ſpread brifkly, as ſoon as it was made, on 
oblong pieces of dry and warm tile, and 
theſe were immediately plac d over a ſand 
bath, where they were gradually heated to 
about an hundred of Farenhcit for fix hours, 
and then to an hundred and fifty for two 
hours more, when the mortar was dried tho- 
roughly. I took particular notice of the ſo- 
lidity which it acquired in this haſty drying, 
and then put the pieces of tile with the ad- 
hering. 
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hering mortar into a bottle cloſely ſtopped in 
the manner already deſcribed, nn tlie 
groſs * ig Lö ; 3 bexe 


— * #<& 


| Ar ho expiration of ſeven months, I found 
the whole unaltered in weight, and the:mor- 
tar as eaſily cut or broken as it was when I 
put it into the bottle. 


} Ex EAI N B yr 3: 2 

Axorkzn part of the ſame mortar Was 
ſpread whilſt freſh on a large tile, to the 
thickneſs of half an inch, and the tile was 
immediately placed in a tub, in which I put 
water to the depth of three inches over the 
mortar, and which I placed in the open air to 
receive the rain. At different times I broke 
the calcareous, pellicle which formed on. the 
water and defended it from the air, during 
the firſt fortnight : afterwards the wind and 
rain rendered this precaution unteceſſary. 
In the courſe of ſix months, the mortar, in- 


ſtead of acquiring any ſolidity, was deprived 


of the greater part of its lime; and what re- 
mained on the tile, was not much different 
from a layer of wet ſand. 


EXPER I- 
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EXPERIMENT 4. 
ANOTHER portion of the ſame freſh mor- 
tar was ſpread on a board ſtrewed with flaked 
lime to prevent adheſion, and placed in the 
open air, but ſheltered from the ſun. When 
this mortar became ſufficiently ſolid, which 
was on the ſecond day, I raiſed the pieces, 
which were about a quarter of an inch thick, 
from the board, and fet them upright, fully 
expoſed to the weather, which was about 
this time dry and warm. In ſeven weeks 
after this expoſure they were indurated to a 
conſiderable degree. They reſiſted a cutting 


inſtrument nearly as much as Portland ſtone 


does, but not ſo well any force tending to 


break them acroſs at once. I then placed 
them under water as I had done by the for- 
mer portion of this mortar. 


After they had lain in the water four 
months I examined them attentively and 
found them, if at all altered, to be rather 
ſoftened than indurated further. I replaced 
them in the water, to be better ſatisfied about 
them ; but by miſtake, they were removed 


in my abſence, and loft. | | 
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EXPERIMENT g. 

Soow after the foregoing parcel of mortar 
was made, I prepared another in the fame 
manner, and ſpread a part of it on a tile 
ſoaked in lime water, and placed the tile in 
the open air ſheltered from the ſun and rain. 
After it had ſtood a month in this fituation, 
I placed it where it was ſheltered only from 
the rain. 


EXPERIMENT 6. 

ANOTHER portion of the fame mortar was 
ſpread freſh on a warm dry tile, which | 
placed over a ſand bath, where the mortar 
was heated to about an hundred of Farenheit 
for fix hours and then to an hundred and fif- 
ty for four hours more, at the expiration of 
which it was ſolid and perfectly dry. 
The next day I placed it in the open air, 
expoſed to the ſun, and the weather, which 
was dry and warm for a confiderable time 
afterwards. 


Ox comparing theſe two laſt at the expi- 
ration of ſeven months, and again after fix 
months more, I could eaſily perceive that 

the. 
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the latter was inferior to the former; for it 


was much more eaſily cut and ſcaled from 
the tile and broken, 


EXPERIMENT 7: 
Wirt mortar made, the day after I had 
made the former, of the ſame materials and 
in the ſame manner; and with new bricks, 
which I had heated almoſt to redneſs and 
ſuffered to cool to the temperatute of my 
hands; I briſkly erected a little wall half a 
brick thick, on a ſtone bench raiſed for the 
purpoſe and fully expoſed to the weather. 


ExYERIM ENT 8, 

Ox the ſame day and with the like mortar, 
and with cold new bricks previouſly ſoaked 
in lime water, I erected another wall, equal 
to the former in dimenſions, and placed in 
the ſame manner on a ſtone bench f in the 


open air. 


ArTER nine months, in pulling theſe 
walls to pieces and in divers compariſons of 
the. cement of them, I found that the latter 


cement adhered better to the bricks and was 
F 2 | | harder 
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harder than the former, inſomuch, that 1 
2 had not a doubt about it. 


EXPERIMENT 9. 
In a few days after I had made the expe- 


riment with the warm bricks, I conſidered 
the walls erected in variable weather, and 


the fence walls which are wetted frequently 
and deeply whilſt new, by rain, or by moiſture 


from the ground, and as often dried quickly; 


and I was deſirous to learn the effect of f 


alterations of wetting and drying. 


I THEREFORE ſpread mortar, made like 
thoſe parcels lately mentioned, on a large 
tile ſoaked in lime water, and as often as 1t 
had dried, in fair weather, and generally at 


the interval of three days, I wetted it with 


rain water. In the courſe of nine months I 
found it was much lefs indurated than the 
ſpecimen made in the ſame manner, and de- 
fended from the rain: it moreover grew 


green by means of a vegetation which took 


place 6n the ſurface of it, and which' thrived 
the more as the mortar was frequently 
wetted, or the tile longer ſuffered to he flat 


on the ſtone bench already mentioned. 


1 
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I Hay often obſerved ſuch a vegetation on 
mortar which I had made a few months be- 
fore, eſpecially when, in the ſummer ſeaſon, 
I laid the tiles flat on the wooden border of a 
duſt-hole, or when, for want of room to 
preſerve the ſpecimens in, I piled many of 
them together in a damp corner on the pave- 
ment: [I likewiſe ſaw that where the vege- 
tation took place, the induration did not pro- 
ceed as it does elſewhere: on the contrary, 
ſemi- indurated mortar ſoftened there. 


ALT. theſe being conſidered, I was ſatisfied 
that frequent wetting or conſtant moiſture, 
together with expoſure to air, injure mortar 
in a great degree, if it be not perfectly indu- 
rated by great age before it is expofed to ſuch 
trials; and that the vegetation depends chiefly 
on moiſturc. 


EXPERIMENT 10. 
By the kind of analyſis mentioned in the 
tench ſection, I repeatedly examined the 
proportion of acidulous gas to the lime, in 
the hardeſt of the old cements which I had 
collected; and finding it in the beſt of them 
to be, at the loweſt, in the proportion of three 
3 to 


4 
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to five, I rate the quantity of acidulous gas im- 
bibed by good mortar, during the induration 
of it, at fixty pounds at leaſt, for every hun- 
dred pounds of lime, 


EXPERIMENT II. 

SUCH mortar as that of the firſt experiment 
of this ſection was formed into flender pieces, 
each an inch broad, a quarter of an inch 
thick, and three inches in length, Theſe 
were placed in an airy paflage, ſheltered from 
the ſun and rain, and were turned as ſoon as 
they could bear it without danger of cracking: 
they were then ſet upright and fully expoſed 
on all ſides to the air. | 


O the fourth day I lid four of the pieces 
entire into a ſmall widg-necked glaſs retort, 
which I ſet deep in a ſand bath, with its 
nozzle immerſed in quickſilver, which ſtood 
cool whilſt the charge was gradually heated, 
in the courſe of forty-eight hours, to about 
ſeventy-five of Farenheit, which is under the 
temperature of incruſtations of this kind ex- 
poſed to the ſun in fummer; and in the 
courſe of forty eight-hours more was flowly 
keated to about an hundred of Farenheit, to 
which 


1 


which degree incruſtations are frequently 
heated by the ſun in ſummer. As the retort 
cooled I admitted the neceſſary quantity of 
air, and then left it, with the nozzle im- 
merſed deeply in the mercury, during three 
months. I then flid the pieces gently out of 
the retort, after having wiped away a few 
drops of water which adhered to the veſſel in 
their way; and immediately made the com- 
pariſon which I ſhall preſently mention. 


CLosz to the retort, and in a fituation 
where the heat was equal to that deſcribed, 
or nearly ſo, I placed four other of the pieces 
above deſcribed, on the fourth day after they 
were made : I encompaſſed them with the 
ſand, but ſ{zcured a free acceſs and even a cir- 
culation of air to them, When the fand 
bath was cooled, I put theſe pieces, which 
were thus perfectly dried, into a bottle which 
I ſtopped cloſely in the manner heretofore 
deſcribed. 5 | 

Om the ſeventh day after the pieces were 
made, on the twenty-firſt, and at the expi- 
ration of three months, I examined four 
pieces taken from different quarters of the 

F 4 remaining 


Ty 
remaining parcel, and found the quantity of 
acidulous gas which they yielded, to corre- 
ſpond with the degree of induration and the 
depth to which it had advanced in them re- 
ſpectively. 


On comparing and examining the pieces 
dried in the retort and kept three months 
in it; the pieces dried in the ſame heat and 
freely expoſed to air during four days, but 
afterwards kept in a cloſe veſſel; and the 
pieces which dried and hardened in the free 
air, without being heated; I found that the 
firſt were friable in compariſon with the 


ſecond, and the laſt were by much the 
hardeſt and beſt, 


As the ſecond tenth and eleventh experi- 
ments, together with obſervations formerly 


made, ſhew that the induration peculiar to 


mortar, is not cauſed by exſiccation; that it 
is greater, as the calcareous matter of cements 
approaches nearer to be ſaturated with acidu- 
lous gas; that it is retarded or prevented, as 
the acceſſion of acidulous gas is interrupted 
or obviated; we may conclude that this mat- 
ter is a principal agent in the induration of 
| calca- 
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calcareous cements and indiſpenfbly neceſ- 
ſary to it. 


Bx obſervations formerly made, but eſpe- 
cially by the compariſon of the fifth and 
eight experiments of this ſection with the 
fixth and ſeventh, I learned that haſty dry- 
ing prevents good mortar from ever ac- 
quiring the hardneſs which it otherwiſe 
would have; and that the more flowly the 
proper water of the mortar 1s exhaled or 
abſorbed from it, in incruſtations or brick- 
work, the more perfect will be the indura- 
tion of it. 


Br the firſt third and ninth experiments of 
this ſection compared with the fourth, fifth 
and others, and by—obſervations which led 
me to make theſe experiments; I diſcovered 
that mortar which 1s not ſuffered to dry, 
or which is ſupplied with moiſture as faſt 
as its proper water exhales, does not harden, 
or hardens only to a ſmall degree by any 
acceſſion of acidulous gas. 


TEE fourth experiment indicates that mor- 
tar, whoſe lime has not yet imbibed its com- 
plement 


| 1274 ] | 
plement of acidulous gas, although the maſs 
be conſiderably hardened, is liable to be in- 
jured by ſoaking in water, if it be pervious 
to water ſo freely as theſe thin pieces were, 


ALL theſe experiments and obſervations 
conſpire to point out the circumſtances in 
which mortar becomes indurated the ſooneſt 
and in the higheſt degree, and operates moſt 
effectually as a cement, To this end it muſt 
be ſuffered to dry gently and ſet; the ex- 
ficcation muſt be effected by temperate air 
and not accelerated by the heat of the ſun 
or fire: It muſt not be wetted ſoon after it 
ſets; and afterwards it ought to be protected 
from wet as much as poſſible, until it is 
compleatly indurated: the entry of acidulous 
gas muſt be prevented as much as poſſible, un- 
til the mortar is finally placed and quieſcent ; 
and then it muſt be as freely expoſed to the 
open air as the work will admit, in order to 
ſupply acidulous gas, and enable it ſooner to 
ſuſtain the trials to which mortar is expoſed 
in cementious buildings and incruſtations. 


From theſe conſiderations we learn other 
cauſes, beſides thoſe already mentioned, of 
the ſpeedy ruin of our modern buildings. 


TRHE 


75 -] 

Tas mortar made with bad lime and 2 
great exceſs pf it, and debaſed in watering 
and long expoſure, is uſed with dry bricks 
and not unfrequently with warm ones. Theſe 
immediately imbibe or diſſipate the water 
and not only induce the defect above no- 
ticed, but, as the cement approaches nearer 
to be dry, whilſt it is ſtill liable to be diſ- 
turbed by the percuflions of the workmen, 
render it more nearly equivalent to a mix- 
ture of ſand and powdered chalk. 


Bor to. make ſtrong work, the . bricks 
ought to be ſoaked in lime water, and freed 
from the duſt, which in common bricklay- 
ing, intercedes the brick and mortar in 
many parts, By this method the bricks 
would be rendered cloſer and harder; the ce- 
ment, by ſetting ſlowly, would admit the 
motion which the bricks receive when the 
workman dreſſes them, without being im- 
paired; and it would adhere and indurate 
more perfectly: the ſame advantages would 
attend the ſoaking of bibulous ſtones in lime 
water, and the uſe of grout; provided this 
were made with good lime ſand and lime 
Water. 


IN 


Ti 
In plaiſtering, the workmen always bruſh 
away the duſt and wet the wall on which 
they are to lay the cement, becauſe it 
will not otherwiſe adhere. From what has 
been already ſaid it is manifeſt that this 


ought to be done with lime water, and re- 


peated as long as the wall 1s thirſty. 


To perceive more clearly how much our 
flight buildings are weakened by the agita- 
tions and percuſhons to which they are ex- 
poſed, firſt in erecting the walls and 
ſettling the timbers, and then in driv- 
ing thoſe wedges to which they faſten 
the wainſcots cornithes and other ornaments, 
we mult obſerve that the acceſſion of acidu- 
lous gas to mortar, was found to contribute 
nothing to the ſtrength of it, when 1t entered 
the compoſition before it was finally fixed 


in a quieſcent ſtate; and a little experience 


1s ſufficient to teach us, that the ſame mat- 
ter which aſſiſts in the induration of mortar, 
never ſerves to repair the fiſſures, or ſo- 
lution of continuity between the bricks 
and cement, which happen after it is ſet. 
When mortar 1s ſet, and before it 1s 1n- 
durated, it may eaſily be ſerved. from the 

' bricks 
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bricks and crumbled; and for want of ſoft- 
neſs it cannot bend into the fiſſures, or re- 
ſume its former condition in any time. 
Therefore by heavy blows, and in wedging, 
our walls muſt be greatly weakened; and the 
more, as the houſes are ſlight, quickly built, 
and haſtily finiſnet. 
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SECTION XII. 


E xperiments ſhewing tbe he eft Kinds as Miriures 
of Sand, and the beft Method of ing the Lime 
Water, in making Mortar. 


URSUING the analogy intimated in the 
ninth ſection, I thought that as large 
ſtones with carvilinear faces, bedded in com- 
mon mortar, do not form fo ſtrong a wall 
as they may when their interſtices are filled 
with fitting ſtones together with the due 
quantity of mortar; ſo mortar made with 
ſand, whoſe grains come near to be equal 
in ſize and globular, cannot be ſo ſtrong at 
any period of induration, as that which is 
made with the ſame mixed with as much 
fine ſand as can eaſily be received in its in- 
terſtices, in order that the lime may ce- 
ment the grains by the greater number and 
extent of contiguous ſurfaces. By this no- 
tion I was Excited to make provifion for a 
new ſeries of experiments. 
8 3 | eee 
I CLEANSED a large quantity of the Thames 
ſand, by waſhing it in ſtreaming water, and 
ſorted 
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ſorted it into three parcels: the coarſeſt, 
which I call the rubble, conſiſted of ſmall 
pebbles, fragments of weathered ſhells, and 
grains of ſand of divers fizes, which in 
waſhing had pafled through a fieve whoſe 
apertures were one eighth of an inch ſquare, 
but could not paſs through a braſs wired 
fieve, whoſe meſhes were one ſixteenth of 
an inch ſquare, or rather larger: the next 
parcel, which I called fine ſand, conſiſted of 
grains of divers ſizes, which in waſhing paſ- 
ted through a finer ſieve whoſe meſhes were 
one thirty-ſecond of an inch ſquare: the 
third parcel conſiſted of grains the largeſt of 
which were waſhed through the coarſeſt ſieve, 
and the ſmalleſt were retained, in waſhing, 
on the fine fieve: this I call coarſe fand. 


Ir is to be obſerved that the ſand which 
can paſs through a fieve, in waſhing, is con- 
fiderably finer than that which may be ſifted 
through the ſame ſieve, when it is dry. 


HavixG dried theſe parcels on a ſand plate, 
and provided a narrow mouthed glaſs bottle 
capable of holding about two ounces troy of 


water, and a cylindrical glaſs veſſel which con- 
tained 
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- tained twelve of theſe meaſures, I found by 


repeated trials, that the large veſſel, charged 


to the brim with my rubble, might be made 


to hold ſomewhat more than one additional 
meaſure of it, when the rubble was well 
packed, by ſtriking the bottom of the veſſel 
frequently againſt the table perpendicularly. 
Charging the ſame veſſel with coarſe ſand, I 


could by the ſame treatment make it hold 


two thirds of the thirteenth meaſure: and 
twelve meaſures of fine ſand were ſo far 
contracted in this motion of the veſſel, that 
it could hold one meaſure and one fourth 
more, or thirteen and one fourth in all. 


AFTER noting how far the interſticial 
ſpaces in each fized ſand can be leflened by 
packing, I uſed water to ſhew what propor- 
tion theſe bear to the ſolids, in theſe diffe- 
rent ſands. I found that the thirteen mea- 
ſures of rubble which I ſtowed into the 
glaſs cylinder, could take in five meaſures 
of water, without any increaſe of bulk; or 
rather with a ſtriking decreaſe of bulk: the 


twelve meaſures and two thirds of ſtowed. 


coarſe ſand, imbibed four and one half of water, 
and yet decreaſed ſenſibly in bulk: the thirteen 
f meaſures 


1 =. 
meaſures and one fourth of fine ſand packed, 
could, « drink in only four meaſures of water; 
but the diminution of bulk was more conſider- 
able than i in either of the former; for the ſand 
and water together meaſured leſs by one ſe- 


ventieth than the packed and alone. 


Warn ſand was poured into the bad 
cylinder until it was filled, and water was 
added before the ſand was packed, by a ſlight 
agitation of the veſſel the ſand contracted in 
a much greater degree than is above expreſſed. 
Upon the whole it ſeemed that water, by 
poĩſing the grains, facilitates their ſliding on 
each other to fit well and fill the ſpaces. 


UnTiL I had made theſe experiments 1 
did not well underſtand, how the beating of 
new mortar makes it much wetter, and more 
plaſtic withal, than it can be made with the ; 
ſame proportions of water and ſolids, by 
mere mixture. I now perceive that beating 
produces this effect by cloſing the interſtices 
of the ſand, and rendering a ſmall quantity of 
lime paſte as effectual towards filling them 


and holding the grains together to form a 
"0 -* plaſtic 


plaſtic maſs, as a greater cuantity i is, in Und 


. 82 J 


* r cannot ft each other Jo well. 


Same chat the e ſpaces | in ſand 
are ſo greatly leſſened by. wetting it, I judged 
it expedient, for this reaſon alone, to expend 
all the water I ſhould henceforward uſe in 
making mortar, in wetting the ſand com- 
pleatly. I afterwards obſerved other adyan- 
tages ariſing from this practice: for in filling 


the ſpaces with the fluid, the air is eaſily ex- 


pelled, and the lime equably diffuſed in them 
by a little beating : but when the water is 


added to a mixture of lime powder and ſand, 


the air is entangled in the lime paſte, and 
cannot, without a great. deal of beating, be 
totally preſſed out of the plaſtic maſs: I. 
likewiſe found, that as an exceſs of water is 
injurious in mortar, this 1s an excellent me- 
thod of regulating the quantity of water ; for 
the portion of lime water which fills the 
ſpaces in ſand, and can be held by capillary 


attraction in a flat heap of it, is preciſely the 


quantity which makes well tempered mortar 


with one part of the beſt flaked lime and 


ſeven of the beſt ſand. 


= 


As 


„„ 

As 1 found ſome diſticulty in expelling the 
air bubbles out of the ſand wetted in my deep 
cylindrical meaſure, even when I ſtirred up, 
the maſs with a flender inſtrument, I con- 
cluded. that the ſpaces in ſand. are rather in a 
higher proportion to the ſolid ſubſtance of 
it, than they appeared in theſe trials: fo that 
we may ſay they are at leaſt one third and 
more of any meaſure of the fine ſand, greater 
in coarſe ſand, and greateſt in the rubble. Suſ- 
pecting on another ground that theſe experi- 
ments did not ſhew the whole of the ſpaces 
in ſand, becauſe water tends to inſinuate itſelf 
between the contiguous faces of the grains, 
and conſequently to remove them aſunder, 
even whilſt it arranges t them; I attempted to 
aſcertain the proportion of theſe ſpaces to 
the ſolids, by another method founded 
on this ſuppoſition, that the meaſured 
portion of ſand which weighs the maſt, has 
the ſmalleſt quantity of interſticial ſpace. 


By 15 experiment, I found that a well 
packed meaſure of the rubble weighed twen- 
ty, ounces. three pennyweights : the like 
meaſure of the coarſe ſand packed, weighed 
twenty one ounces eighteen pennyweights: 


{+ 5 
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and the ſame quantity, by meaſure, of the 


fine ſand, weighed twenty three ounces two 
pennyweights and twelve grains. | 


Tims trial correſponds ſufficiently with the 
former in ſhewing, that the ſum of the 
ſpaces in the rubble,is much greater than that 
of the coarſe ſand, and that the ſpaces in this 


are larger in the ſum, than thoſe of fine 
ſand. 


In order to learn whether this proportion 
is maintained in all kinds of ſand, I tried by 
water and by weight in the foregoing man- 
ner, a great number of ſands uſed in London ; 
ſuch as the coarſeſt glaſs-grinder's ſand, 
Hampſtead-fand, Lynn- ſand, fine houſe-ſand 
Se. 


Tux reſult of theſe experiments taught 
me that the ſpaces are always ſmaller as the 


ſand is finer, provided the compariſon be 
made between the ſorted fine part and the 


coarieſt part of any kind of ſand: but this 
does not hold true in the compariſon of fine 


ſand and coarſe ſand of different diſtricts. 


ON 
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On examining the ſeveral. ſpecimens of 
ſand with a lens, I perceived that, in ſome, 
the grains, however different in figure, were 
bounded by flat faces meeting each other in 
angles; whilſt in others, the faces were ge- 

nerally rounded, and the figure ſuch as the 

foregoing grains would be reduced to by 
grinding off their angles. The firſt kind I 
call ſharp ſand, the other round ſand. Then 
taking into conſideration the meaſurement 
already deſcribed, together with the ſharpneſs 
or roundneſs of the ſand, I found that the 
ſpaces are, in different kinds of ſand, as the 
ſize and roundneſs of them compounded ; but 
they do not appear to be ſmaller in any kind of 
ſand that I have ſeen, than in our fine parcel of 

Thames ſand ; which I think is owing to its 

being ſharper than any of the finer ſands which 

J had compared it with. The meaſure which 

contained twenty-three ounces two penny- 

weights twelve grains of the fine Thames 
ſand, contained only twenty-two ounces ten 

pennyweights of the Lynn ſand, which is a 

great deal finer, but rounder, 


Having thus found the kind of fand 
which, by reaſon of the ſize and figure of the 
G 3 grains 


the like manner ſeventeen and a half: that 
eighteen ſuch meaſures of coarſe ſand well 
mixed with nine of the fine, ſand, meaſured 
| twenty-fix: and that on mixing theſe ſands 
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| grains, has the ſmalleſt interſticial ſpace ; ; I 
next endeavoured to aſcertain the mixture of 
coarſe and fine ſand, which leſſens this ſpace 
in the greateſt degree, which therefore re- 
quires the leſs lime to cement the grains to- 
: gether, and for the reaſons already mentioned, 


promiſes to make the hardeft and moſt dur- 


able cement. 


I Found that nine meaſures of the ſhingle, 
and nine meaſures of the fine ſand, both well 
packed, meaſured when mixed and ſtowed 
cloſely ſixteen meaſures and one-eighth : that 


eighteen meaſures of the ſhingle and nine 


of the fine ſand tried in the ſame way, mea- 
ſured twenty-four: and that on mixing 
the ſhingle and fine ſand in various propor- 
tions, nine meaſures of ſhingle took, into its 
interſtices, one meaſure and one half of the 
fine ſand, without any increaſe of bulk. 


I NEXT learned that nine meaſures of the 
coarſe ſand and nine of the fine, meaſured in 


in 
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in various proportions, eighteen meaſures 


of the coarſe ſand took into its interſtices 


one meaſure of the fine ſand, without any 
increaſe of bulk. 


LasTLyY I found that eighteen ſuch mea- 
ſures of the coarſe ſand and nine of Lynn 
fand, which is much finer grained than the 
foregoing, meaſured twenty-four when well 
maxed and ſtowed : and that on mixing them 
in various other proportions, nine meaſures 
of the coarſe ſand took into its interſtices one 


and a half of the . ſand. 


By theſe and a variety of ſimilar experi- 
ments made on different ſands, I found that 
the quantity of fine ſand taken into the inter- 
ſtices of a coarſe ſand, was the greater with- 
out increaſe of bulk, as the grains of the 
coarſe differed more from thoſe of the fine in 
bulk, provided the diameters of the grains 
of coarſe ſand did not in general exceed thoſe 
of the fine, in a proportion greater than five 
to one; that the greateſt quantity of fine 
ſand, which could be taken into the inter- 
ſtices of coarſe ſand, was one-fixth of the 
mo of the coarſe ſand ; and that in general the 

G4 mixture 


a, 


: mixture of fix meaſures of coarſe ſand with 
one of the fineſt ſand, reduced the ſum of - 
the interſticial ſpaces to nearly one half of 
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the quantity of them in coarſe only, or in 
fine Thames ſand or rubble only. 


- InSravereD by theſe obſervations I pro- 
ceeded to the following experiments, in order 
to learn the advantages or defects attending 
each kind of ſand, and how far my expecta- 
tions from the art of leſſening the ſpaces, 
were well founded, 


I MADE ſeveral parcels of mortar with my 
chalk lime lime water and rubble 1n different 
proportions; the quantity of lime being 1 in 
one a fourth of that of the rubble, in another 
only one-ſeventh, and in the others interme- 
diate : I made other parcels of mortar with 
my chalk lime, lime water, and the coarſe 


ſand; and others with this lime, lime-water 


and the fine Thames ſand, in the laſt men- 


tioned proportions. 


1 


I NEXT made a great variety of ſpecimens 
of mortar ; ſome of which conſiſted of rub- 
ble and coarſe ſand mixed in different pro- 
portions, 


9 


1 

portions, wetted with lime- water, and 
blended with one-fourth or one-ſeventh or 
intermediate quantities of lime: others were 
compoſed of ſimilar mixtures of rubble and 
fine ſand with lime and lime water: and 
others conſiſted of rubble coarſe ſand and 
fine ſand mixed in different proportions, 
wetted with lime water, and beat up with the 


different quantities of lime lately mentioned. 


4 


I SPREAD a part of each of theſe ſpecimens 
of mortar, as ſoon as it was made, on a tile 
ſoaked in lime water, half an inch thick in 
ſome places, and much thinner in others: I 
placed the remainder of it, formed into oblong 
pieces of about an inch diameter, on the part 
of the tile which was not covered with mor- 
tar; and I ſet all the tiles numerically 
marked, in the ſituation formerly de ſcibed, 
where they were equally expoſed to the wea- 
ther: this was done in May, 1777: dur- 
ing the ſucceeding twelve months I examined 
each ſpecimen, and noted my obſervations, 
the moſt uſeful of which I ſhall endeavour 


to relate in a few words. 


TRE 
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Tux ſpecimens containing, rubble and lime 
mixed in any proportion greater than five to one, 
were not fat enough, when freſh, to be con- 
veniently uſed in building or ſtuccoing: but 
none of them, not excepting thoſe "which 
contained the greater quantities of lime, 
cracked in drying. Thoſe which had the 
ſmaller quantities of lime in them, were very 
rough on the ſurface, coarſe in the grain, 
ſpongy, and eaſily broken: they ſhewed a 


defect of lime, becauſe thoſe which con- 


tained more lime were not ſo bad in theſe re- 
ſpects. By all of them it appeared that 
| whenever fuch rubble muſt be uſed, for want 
ef ſand. or finer gravel, the lime mixed with 
it muſt not be leſs than one-fifth of the quan- 
ut of rubble. 


Y 


Or the ſpecimens conſiſting of coarſe ſand 


* 


and lime, thoſe which had the ſmaller quan- 
tities of lime were too ſhort for common uſe, 
and could not be made to aflume a cloſe and 


ſmooth ſurface, whilſt freſh; but in drying 
and hardening, they were in every reſpect 
preferable to the cements made with rubble 
and lime, in the ſame proportions : and of the 
ſame ſpecimens, thoſe were the beſt which 

” contained 
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. Eontained one part of lime in five of fand ; 
the others containing leſs lime being faulty 
ke thoſe made with rubble, and thoſe in 

«which the lime was mixed in much greater 
quantity, having the faults often obſerved 
to attend the exceſs of lime. 


TE ſpecimens which conſiſted of fine 
Fand and lime, were in general better than 
the foregoing: and that particularly which 

contained one of lime in fix and an half of 
ſand, was in all reſpects much better than 
thoſe made with the ſame or any other quan- 
tities of rubble and lime, or coarſe ſand and 


lime. The ſpecimen which was formed 


with ſeven parts of fine ſand, and one of 


lime was not fo compact and hard as that laſt 
mentioned. 'The compariſon of theſe two 
ſhewed that ſeven of ſand are too much for 
one part of lime, when the ſand is fine and 
unmixed with coarſe grains. The ſpecimen 
made with four parts of fine ſand, and one 


of lime had the noted faults attending the 


exceſs of lime ; for it cracked in drying, and 


was ſenſibly injured in the winter, by thoſe 


alternations of drying, wetting, freezing, 
and thawing, formerly noticed 


ON 
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O divers compariſons of thoſe portion 
of mortar made of fine ſand and lime, with 
the former, I was perſuaded that a better ce- 
mameent can be compoſed with ſuch ſand as I 
= call fine, than with a coarſer ſand; whoſe 
grains are all larger than any of thoſe in my 
fine ſand ; provided the coarſer ſand be not 
much ſharper than all that I have yet ſeen. 
If my experiments had been made in flow 
1 ſucceſſion, this laſt obſervation would have 
led me to imagine that mortar will be found 
the better as the ſand is finer. 


Or the obſervations made on the parcels 
of mortar conſiſting of mixed ſands and 
me, thoſe which follow are the moſt per- 

tinent to our preſent enquiry. 


| 
1 
| 
| 
| 
: 


TnE ſpecimens made with mixtures of 
rubble, coarſe ſand and different quanti- 
ties of lime, reſembled thoſe made with 
rubble and lime in fimilar proportions, 

when the rubble was predominant; and 
reſembled thoſe made with coarſe ſand and 

lime, in ſimilar proportions, when the coarſe 

| land was predominant ; and J could perceive 

| i Rf , - _ NO 
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'S advantage derived from the mixture of 
rubble and coarſe ſand, except that the ce- 


ment was ſomewhat better as the quantity of 
_ rubble was lefs, relatively to the quantity of 
fand and lime: but none of ' theſe ſpecimens 
were in any reſpect ſo good as thoſe made 
2 fine ſand only. 


= Or the 8 made with rubble and fine 
ſand, that was the beſt in which the fine ſand 
was twice the quantity of the rubble. But I 
could not perceive. that any of theſe ſpect- 
mens were, preferable to thoſe made with the 
like quantities of fine ſand and lime; or that 
any conſiderable advantage is gained by the 
mixture of rubble and fine ſand. 


Of the ſpecimens made of coarſe ſand fine 
ſand and lime, thoſe were manifeſtly. the beſt, 
which conſiſted of four parts of coarſe ſand, 
three of fine, and one part or a. little more 
of lime: for, whilſt freſh, they were more 
plaſtic than the others, and were eafily made to 
afſume a ſmooth ſurface; they were not diſpoſed 
to crack in this method of drying ; they were 
not at all injured by wet or freezing or thaw- 
ing; they were pretty cloſe in the grain; and 
they 


2 
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they grew fo hard, in the courſe of nine or tan 
months, as to reſiſt the chizel, or any force 
tending to break the oblong pieces, much 


more powerfully than any of the ſpecimens 
lately inentioned. I noted them as the beſt 
ſpecimens of mortar that I had ever made; and 


one part of lime, in four of coarſe, and three 
of fine ſand, to be a better proportion than any 
other of the ſands and lime, for incruſtations. 


Of the various ſpecimens of - mortar made 
with mixtures of the rubble, coarſe fand and 
fine fand, thoſe were the beſt, in which the fine 


land vas equal or nearly equal in quantity to the 


rubble and coarſe ſand; in which the rubble 
was not much more than one ſeventh part of 
the quantity of both ſands; and in which 
the weight of the lime was one ſeventh of the 
weight of the ſand and rubble, or a little 
more: But theſe ſpecimens, when freſh, were 
leſs plaſtic, and leſs capable of aſſuming a 
{mooth furface under the trowel, as the quan- 
tity of rubble was greater; and J could nat 


find they were preferable in any particular to 


thoſe reſpectively which were made with 
ſimilar quantities of lime and the mixtures of 
coarſe and fine ſand lately commended. - _ - 

| UroN 
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Upon the firifteſt comparifon, T conefallel, 
that one part of rubble in three of coaſt an, 


three of fitie fand, makes as good mortar with 
lime, as can be made with the fand and lime 


without rubb'e, for any purpoſe which does 


not require a finer cement; but there is no 
advantage gained by the uſe of rubble where the 
coarſe and fine fand can be had equally cheap, 
unleſs a rough ſurface be required. 


I ſtuccoing walls the rubble promiſed to 
be uſeful in pointing and in the firft coat; 
becauſe a roughneſs of this coat makes the 
finer exterior coat-adhere more firmly. 


In the review of all theſe ſpecimens it ap- 
_ peared, that the quantity of lime, which forms 
a maſs ſomewhat plaſtic with ſand and water, 
15 the ſmalleſt quantity neceflary for making 


the beſt mortar which ſuch ſand can afford; 
and that any further quantity of lime is uſe- 


leſs in the coarſer ſands, and injurious in the 
finer : that the neceſſary plaſticity is induced 
by the ſmaller quantities of lime, as the in- 
terſtices of the ſand are ſmaller in the ſum, 
and as the grains fit each other the better in 
conſequence of the due mixture of coarſe and 
„ obo fine 
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ſine ſands: but that the leſſening of the inter- 
ſticial ſpaces, by the mixture of fine ſand. 
with, the coarſe, does not enable us to leflen, 
the quantity of lime ſo far as might be ex- 
pected in conſequence of our notions of the 
ſpaces meaſured by water. It ſeems that the 
grains of fine ſand are held aſunder by the 
lime paſte, to a greater diſtance than they 
are by water; and that the reaſon, why the 
finer ſand requires more lime than the 
coarſer and mixed ſand, is, that the ſpaces, 
which are more numerous in fine ſand than 
in the coarſe, are more augmented in the 
whole quantity of them, by the particles of 
lime, which intercede alike the coarſe and 


the ſine grains. 


SECTION 


LES 


s E CT ION x 


Experiments ſpewwing the Effects of freſh 5 * 
and quartoſe Powder, in Mortar : Obſerva- 
tions on the fineſt calcareous cements ; Practical 
Precepts. 


HE laſt mentioned notion led me to 
ſuſpect, ſoon after the foregoing ex- 
periments were made, that, although the 


fine Thames ſand made better mortar than 


the coarſe ſand or the rubble afforded, the 
mortar will not always be the better as the 
ſand is finer, however ſharp it be. I there- 
fore procured a large quantity of the. very 
fine pit-ſand uſed in London under the 
name of houſe-ſand: I waſhed away the 
clay with which it abounds, and dried it : 
viewing it, when thus cleanſed, with a lens, 


I eſtimated the ſize of the grains to be, at 


the.medium of the largeſt and ſmalleſt, about 
one ninth part of that of my fine Thames 


ſand: this I call fineſt ſand, At the fame 


time I was favoured, by my neighbour 
Mr. Bentley the ingenious manufacturer of 
the ornamental Staffordſhire ware, with the 


II neceſſary 
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neceſſary quantity of the fine powder of cal- 
eined flints, which is prepared for his manu- 


factory. 


Wiru divers mixtures of theſe with lime 
water and lime, in a variety of proportions ; 
and with each and both of theſe, blended 
with coarſe and fine ſand, lime and lime water 
in fimilar proportions ; . made a great num- 
ber of ſpecimens of mortar, which I tried 
in the manner already deſcribed; -and noting 
my obſervations on them, I found the 


following to be the moſt eligible for the 
conciſe recital intended 1 in this eſſay. 


Mok ran containing the quantity of lime 
i neceſſary to the plaſticity and other deſire- 
able properties of it, or a greater quantity 
of lime, is the more liable to crack in drying, 
as the {and of it is finer. 


MorRTAR made with this fineſt ſand and 

lime, does not grow ſo hard, or reſiſt fracture 
ſo forcibly, „as chat made with my fine Thames 

_ and and lime, in the ſame proportions, or 


«a ww a *f 4 


any others neareſt to theſe. But the for- 
mer mortar, when compoſed of about fix 


pots 
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pafts of fand, one of lime, and the heceſs 
ſary quantity of lime water, and ſlowly dried, 
becomes much harder than any of the com- 
mon calcareous ſtuecos, uſed by plaiſterers. 


MorxTAr compoſed of lime, my fine 

Thames ſand, and the fineſt ſand, is the 
worſe as the quantity of fineſt ſand 1s greater: 
and this holds true in every tried Proportion 
of the ſands and lime. 
Mokran conſiſting of lime, coarſe Thames 
ſand, fine Thames ſand, and fineſt ſand, is 
the worſe as the quantity of this laſt is the 
greater, when the compariſon is made be- 
tween it and the cement made with the 
ſame quantities of lime and the beſt mix- 
ture of coarſe and fine Thames ſand; 


MorTar made with flint-powder, lime 
and lime water, in any proportion, is more 
liable to crack in drying, than mortar com- 
poſed of any ſand and lime: it is moreover 
incapable of hardening to ſo great a degree; 
whether the hardneſs be tried with 4 chizel, 
or by breaking it acroſs. But mortar made 


with about five parts of flint- powder, one of 
H 2 limes 
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lime, and the neceflary quantity of lime wa- 
ter, is nevertheleſs preferable to any ſtucco 
now uſed in inſide work, for the finiſhing coat; 
becauſe it has a more lively whiteneſs, and | 
aſſumes a finer ſurface, which I think might = 
be made to imitate that of marble: It requires 
however to be dried very ſlowly. 


- 


MorTar made with coarſe Thames ſand, | 
fine Thames ſand, flin t-powder and lime; or „ 
with fine Thames ſand, fineſt ſand, flint- 
powder and ime; or with the fineſt fand, 
flint-powder and lime; is the worſe, as the 


quantity of flint- powder is greater, relative» 
ly to that of the ſand. 


,. 


rand 3 is injorious in mortar hk 18 Srv 
to the weather, and that flint-powder is ſtill 
worſe: - but that this laſt may be adyanta- 
geouſly uſes in compoſing ſtucco for inſide 
work, in which, a fine texture, pleaſing co- 
loux, and ſmooth ſurface, are preferred be- 
fore extreme hardneſs; and in which the dry- 
ig may be regulated ſo as to prevent the in- 
cruſtation from cracking. TR 
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Is EAD of reſting ſatisfied with the bare: 
diſcovery of the fact, that very ſine ſand, or 
quartoſe powder, is incapable of making ſo 
good a cement as may be formed with coarſer 
ſand, although fine Thames ſand and lime 
make a better cement than can be compoſed 
with the coarſe ſand and lime; and that 
the mixture of very fine ſand, or ſiliceous 
powder, with the Thames ſand, is rather in- 
jurious than uſeful, although the mixture of 
the fine with the coarſe Thames ſand, is 
better for mortar, than either of them un- 
mixed; T took a great deal of pains to learn 
the cauſe of this, in order to confirm or 
correct the foregoing notions, and render 
the precepts which flow from this fact, 
the more ſatis factory. 


—— 


IM 


- By ſorting my fineſt ſand into divers par- 
cels, in fifting 1t through different fievesz 
by meaſuring the meſhes of theſe; and by 
viewing the grains of each parcel ranked 
cloſely on a ſcale; I perceived, more clearly 
than I had done before, the roundneſs of 
this ſand: I moreover found that the graing 
of the coarſeſt parcel were, at a medium, of 
their reſpective bulks, upwards of ſixteen 


7 times 


8 - 
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times larger than thoſe of the fineſt parcel, 


the grains of the other partels being of divers 


intermediate ſizes. As this ſand therefore 
has every advantage attainable by the mix- 
ture of coarſe and fine grains, and every. diſ- 
advantage reſulting from the ſmallneſs and 
roundneſs of its grains, I learned the reaſon 
why the defects attending ſuch fine round ſand 
in mortar, are not corrected by any mixture of 
coarſe ſand. How theſe defects are induced 


by the fineſt ſand and flint-powder, we may 


conceive in the following manner. 


HavinG already ſhewn how the roundneſs 
of ſand tends to render the mortar made with 
it defective, I may, without any further illu- 
ſtration of this matter, reckon on this fi- 
gure of the grains of fineſt ſand, as one cauſe 
of the imperfection of the mortar in which it 


is uſed, 


Tuknk is nothing to prevent the laminæ 
of lime paſte, which intercede the grains of 


Fineſt ſand, from being as thick, in the maſs 
of mortar made with it, as they are in mortar 
made with coarſer ſand; but they are likely 
to be thicker in general, as the faces of the 


finer 


— 
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finer grains are rounder: The number and ex- 


2© 1 4 


tent, moreover, of theſe laminæ, muſt be 

greater, in the ſum, it in the fineſt ſand than 
| in the coarſer : and it 1 s for theſe Teaſons, 
that more lime paſte is genen to make mor- 
tar with the former than with the latter; 
y ſince the mortar is not formed, until the paſte 
envelopes every grain, and fills the interſtices. 
In this view of the ſubject, we diſcover ano- 
ther cauſe of the defect lately mentioned. 
If we uſe lime with a ſparing hand, it will 
not extend between all the grains or fill the 
ſpaces; we find the mortar too ſhort whilſt 
freſh; and it is as defective in ſtrength, when 
indurated, as it 1s deficient of the cementing 
| matter. When we uſe the neceſſary quan- 
tity of Iime, the calcareous matter bears a 
greater proportion to the quartoſe grains, in 
this fineſt mortar, than in the coarſer; and this 
renders the former defective, according to the 


principles of aggregation already expreſſed. 


6 A THIRD cauſe of the imperfection of 
mortar, made with fineſt ſand, or containing a 
large quantity of it, appears, on the conſide- 

ration of the quantity of lime. We have re- 
peatedly ſeen that mortar contracts the more 
H 4 in 
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in; drying, and i 1s, the more. apt to crack, as. 
it contains a greater quantity of lime paſte: 
and as the fineſt ſand requires an extraordi- 
nary. quantity of the paſte to form it into, 
mortar, the aggregation. of ſuch a cement is 
likely to be impaired by fiſſures, although 


they do not always appear, by reaſon or their 
ſmallneſs. 


1 
4 - 


. Oren cauſes, of the experienced imper- 
fection of fine mortar, might be added, which 


have no relation to the figure of the grains of 


ſand or the quantity of calcareous matter; 
but to avoid an exceſs of theory, I forbear to 


mention them, and ſhall only add a conjec- 
ture concerning the finer cements. 


Warn 2 cementious maſs, like mortar, 
is cut with an edged inſtrument, or bro- 
ken acroſs, we may obſerve that the fracture 
happens! in the ſhorteſt line, along the laminæ 


of the weaker cementing matter, and ſeldom 


or never in the ſhorter right line paſſing thro' 
the harder grains and the cement alternately, 
although the impreſſed force tend to cauſe the 


ſolution of continuity in. the ſhorteſt, or in a 
right line. By the principles of mechanics, 


the 


* 
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the reſiſtance to ſuch forces is greater, cæ- 


teris paribus, as the line of fracture is longer, 
whether i It be ſtraight, or winding in any 
courſe: and it it for this reaſon, that a wall 
built with very large ſquare ſtones, is leſs li- 
able to crack, although the foundation ſhould 
fail near one extremity of it, than a brick 
wall built with the ſame kind of cement on 
the like ground; or that a wall, whoſe bricks 
are jointed in the preſert faſhion, is more ſe- 
cure from cracking, than that which ſhould 
be built, on the like infirm ground, with the 
fame kind of mortar and bricks ſtanding over 
each other; not jointed, but with their ſides 
and ends fluſhed, as the workmen expreſs it. ' 


3 


£ 
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As cements are cut and broken in the direction 
of the cement, and not in the ſhorter line; 
as the cracks in ill- founded walls run wind- 
ing along the joints, inſtead of going in the 
ſhorteſt courſe through the bricks and joints 
alternately; and as the reſiſtance of ſuch ce- 
mentious maſſes, eſtimated by mechanical 
theory, is greater, as the line of fracture is 
neceffarily elongated by the ſtronger aggrega- 
tion of certain parts of them; I am inclined 
to think that calcareous cements made with 


- 
— — 
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lime and quartoſe matter, will always be 
found weaker, under the trial by the chizel 

or by fracture, as the quartoſe ſand or powder 

18 finer ; becauſe the line of fracture, which 

takes the courſe of the cementing matter, 11 . 
ſhorter, in any equal depth of ſuch maſſes, 
as the hard quartoſe grains are finer and 
rounder. 


| 
| 
| 
| 
| 
: 


As flint-powder conſiſts of exceedingly fine 
grains of ſilicious ſtone worn to roundneſs in 
the grinding, what has been ſaid of the fineſt 
ſand is ſufficient to ſhew, why the cements, 
which contain flint-powder, are the worſt of 
all thoſe we have mentioned, 


Tar cuſtomary method of wathing fand, 
even for ſtucco which 1s to be expoſed to 
the weather, conſiſts in paſſing it through J 


ſieve, by a circular horizontal motion of it, 
in a tub filled with water, which flows 


over, and carries away with it any light mat- 
ter which can be long ſuſpended in water, 
as faſt as the ſand runs through the ſieve into 
the veſſel. But this proceſs is inadequate to 
our views; becauſe the fineſt ſand ſubſides 
along with the beſt, and theſe, in the pre- 
cipitation ö 
| 
| 
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cipitation, entangle and carry down with 
them a great deal of finer powder or dirt, 
Where ſuch a method muſt be purſued, for 
want of other utenſils, or through the ſcarci- 
ty of water, the ſand ought to be agitated 
again in ſmall parcels, with a part of the 
water which has cleared by ſubſidence ; and 
immediately after the agitation, the muddy 
water ought to be poured off, before the 
light parts have time to ſubſide in it. But 
the uſeful part of the ſand is more effectually 
freed from the finer and noxious parts, by 
ſifting it in ſtreaming water, whoſe current 
is to be ſo managed, that it ſhall carry away 
the mud and the ſand which is too fine, 
whilſt the better part ſubſides in a proper 
receptacle, This art may be gathered from 
the practice of the Corniſh miners, in waſh- 
ing their pounded ores, better than from any 
written precepts. 


In the ſubſequent pages I propoſe to ſhew 


the integrant parts of gravel, aud their ſeve- 


ral properties in mortar: for my preſent pur- 
poſe it will be ſufficient to obſerve, that the 


gravel commonly employed in building con- 


fiſts chiefly, after it is {Kreened, of rubble, 
coarſe 


- 
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Hir to thoſe uſed in our experiments. This 
is obvious on the bare inſpection of it, and 
leads us to diſcover another cauſe of the 
weakneſs of our modern cements, in the 
compoſition of which, no other precaution is 
uſed, reſpecting the gravel, except to ſepa- 


rate the ſtones and coarſeſt rubble from 1 ir, 
by ans = 


Ware it happens that the ſkreened gravel 
contains more than a certain quantity of rub- 
ble, relatively to that of coarſe and fine ſand 


ſimilar to thoſe deſcribed, the mortar made 
with it muſt, according to our experi- 


ments, be defective. It will be ſo likewiſe, 


whenever the coarſe ſand of it predominates 


over the fine ſand, to a greater degree than 
that which was found conſiſtent with the 
perfection of mortar : and when the quan- 
tity of fineſt ſand happens to be conſiderable 
m gravel, the mortar made with it muſt be 
faulty in a greater degree. Now ſuppoſing 
the gravel to be freed, by the ſkreening, from 
every thing more injurious than fineſt ſand 
and quartoſe powder, we perceive that the 


artift, who is ignorant of the advantages of 


ſ1zing 


coarſe and. fine ſand, and fineſt ſand, Grin 


H 
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fizing his gravel, and uſes it in its native ſtate, 
as chance preſents it, has the odds greatly 
againſt his making good mortar, although he 
may ſometimes do it, without knowing the 
reaſon, as we ſhall find hereafter : for his 
chance is, that the native gravel ſhall conſiſt 
of coarſe and fine ſand mixed in the propor- 
tion of 4 to 3, or of the rubble, coarſe and fine 
ſand mixed in the proportions above recom. 
mended; and that it ſhall contain little or no 
ſand like our fineſt ſand: but the chances 
againſt him are as numerous as there are 
other diſtant proportions of rubble coarſe and 
fine ſand in gravel, and as the kinds of gra- 
vel uſed are, which contain the fineſt ſand 
or ſtill finer quartoſe grains, in efficient quan- 
tity. 


Ix great cities, where gravel cannot be 
procured ſo cheap as the rubbiſh of old walls, 
which the workmen lay in the ſtreets to be 
ground to powder by the paſſing carriages, 
they uſe this rubbiſh {kreened, in the place 
of ſand or gravel, i in making mortar. It con- 
ſiſts of the groſs powder of bricks, and of mor- 
tar indurated, as much as. bad mortar can be, 
by time; . ſome builders affirm that it is 

| better 


116 | 


| better than ſand or gravel, for mortar. It is 


certainly eligible' when the price! is chiefly 
conſidered; in any other view, it is not fo; 


From my paſt experience I judged the cal- 


careous powder of an old cement, arid that of 
the bricks, to be a brittle periſhable and weak 
ſubſtitute for grains of ſand ; and the quan- 
tity of duft in ſuch ground rubbiſh, to be 
highly injurious : but as the opinion of the 
workmen was againſt me, I made ſome trials 
of it. | 


I FouxD that leſs lime was requried to make 
fat mortar with this ground rubbiſh, than 
with my beſt mixtures of ſand ; which is no 
ſmall recommendation of it in certain jobbs, 
and is owing, in my opinion,, to the ground 
calcareous part, which, ſo far as it 1s finely 
powdered, is equivalent to whiting : but the 
mortar made with the rubbiſh appeared, in 
every ſtage of induration, and in every com- 


pariſon except that of the plaſticity, to be 


greatly inferior to that made with mixed ſand 


and lime, in the ſame proportions. 


Ir the workmen would confine their opi- 


nion to the compariſon of ſuch rubbiſh-mor- 


tar 
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tar, with that in which clayey gravel is uſed, 
or with the cements made with the aſhes 
and ordure of the town, dug out in prepa- 
ring foundations of houſes, in thoſe places 
which were formerly receptacles of ſuch 
matter, they might maintain it on divers 
grounds which will be examined hereafter ; 
but otherwiſe it is erroneous. 


SECTION 
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N the ſpring and ſummer of the year 


1778, I repeated a great number of the 
foregoing experiments, particularly thoſe 


which exhibit mortar in the improved ſtate 
to which I had brought it; and finding my 


former obſervations to be true, when the cir- 


cumſtances were not varied, I reſolved to try 
my beſt cements in larger quantity and in 
other circumſtances. I apphed them 1n the 


in different aſpects, but chiefly in that of the 
meridian ſun; covering a ſquare yard at leaſt 
with each ſpecimen, after I had ey 
wetted the wall with lime water. 


By theſe trials J found that mortar, made 
with four parts of coarſe ſand and three of fine 
wetted with lime water and beaten up with 
one of my lime ſlaked with lime water, al- 


KOIT2 4a; though 
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way of ſtucco, on the brick walls of houſes, 


eee 
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though it could be eaſily ſpread on a hor 


zontal plane, or uſed in building with bricks, 


was rather too ſhort for plaiſtering on the per- 


pendicular ſurface of a wall. It might how- 
ever be laid on, in ſmall ſueceſſive portions, 
by a dexterous management of the trowel, 

and eſpecially by ſliding the inſtrument on it 


upwards. 


0 


Wu the weather continued temperate 


and dry for eight or ten days after the in- 
cruſtation was made, and no great quantity 


of rain fell for three or four weeks after- 


wards, this ſtucco anſwered my expectations; 
for it, did not crack in the leaſt, and in three 
months was almoſt as hard as Portland ftone, 
at the ſurface, where the induration firſt takes 
place for the reaſons formerly mentioned ; 


but it was too coarſe to repreſent a fine 


, ſtone. +. < 


Havinc made two pieces of incruſtation 
of this kind, on the fame wall, and knowing 


that calcareous cements cannot. harden o 


ſoon as ĩt is neceflary 1 in outſide ſtuccoing, un- 


leſs they be pervious to acidulous gas, in 


which caſe they may drink in water likewiſe, I 
I fre- 


No | 


— 
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frequently wetted one of the pieces, in 
about three months after it -was formed, 
with lime water, expecting that the calcareous 
matter of it would cryſtallize in the cement 
and render it cloſer and harder. I was not 
diſappointed ; for in the courſe of a month I 
found this piece of ſtucco harder and cloſer 
than the former, and at the ſurface, as much 
ſuperior in theſe particulars, to Portland ſtone, 
as the other was inferior to it. I have ſince 
found that lime water has not this effect, if the 
incruſtation be wetted with it, before it is quite 
dry and indurated ſlowly, to vie with Port- 
land ſtone in that kind of ſtrength which is 
tried by grinding Portland ſtone on it, or ſcra- 
ping it with a chizel; for any other trial of in- 
cruſtations 1s unfair, until the induration has 


proceeded equally through the whole maſs. 


Wuxx the incruſtations made of the fame 
cement, were wetted by rain, in two or three 
days, or ſooner after they were applied, and 
eſpecially when the wind blew the rain for- 
cibly upon them, they were ſenſibly injured, 
for they never afterwards looked or hardened 


ſo well as the former ſpecimens of ſtucco. 


IN 
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| In theſe particulars the large incruſtations 
agreed with thoſe made on tiles. But the 
| ſame agreement did not appear in the incruſ- 
tations which I had made with the ſame 
compoſition, on a wall which fronted the 
meridian ſun, at a time when the weather 
was very hot; for theſe ſhewed a few ſlen- 
der cracks in the courſe of three days. 
When in the ſame fituation and weather, 
- and on a coarſe ſtucco of this kind, I ſpread, 
in about two hours after it was laid on, a 
| thinner coat of cement made with finer ſand, 
7 in order to repreſent a finer grained ſtone, the 
incruſtation confiſting of theſe two layers, 
| cracked more than the former 


AFTER many repetitions of theſe experiments, 
in the hotteſt weather, with the ſame event, 
J perceived that the trials of ſuch cement on 
tiles, are not ſo ſevere as thoſe to which they 
may be expoſed ſometimes in incruſtations 
on walls. In this latter caſe, the ſtucco is 
very unequal in thickneſs ; for in the hollow 
joints and depreſſions of the bricks, it is near 
an inch thick, when over the prominences it 
has not more than one-eighth of this thick- 


neſs ; and as it dries ſooneſt in the thin parts, 
I 2 the 
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11 
the unequal contraction ſeems to be the cauſe 


the ſame cement laid on the flat ſurface of a 
tile: it ſeems moreover that ſuch a compoſi- 
tion may more eafily contract in drying, with- 
out cracking, as the cruſt is made narrower or 
lJeſs extenſive. But I impute the cracking chiefly 
to the foregoing unequal contraction accelerated 
not only by the heat of the ſun and the wall, 
but by the thirſty bricks; for if we form our 
judgment according to the quicker or ſlower 
progreſs of the exficcation, and the ſtiffneſs 
which the cement acquires in the act of ſpread- 
ing it on the brick wall, the wetting of this 
Iaſt ſuperficially with lime water, is not equi- 
valent to ſteeping the tiles for a few mi- 


nutes in the ſame liquor. 


WuEx, with the view of preventing fiſ- 
ſures, I ſtuccoed a part of the ſame wall wet- 
ted with lime-water with cement containing 
the mixed ſands and lime in the pro- 
portion of fifteen to two, in the ſame kind of 
weather, I found the difficulty and waſte, in 
applying it, greater than in the former in- 
ſtances, and that it was defeCtive in ſtrength 
and cloſeneſs, for want of lime, although it 

did 
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of thoſe cracks, which would not happen to 
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did not crack. When, through diſtruſt of 
my former experiments, I uſed more than 


 one-ſeventh of lime, the cracks were ſtill lar- 


ger and more numerous, 


To guard a recent incruſtation from the 
rain, and to fecure it from cracking in the 
circumſtances laſt deſcribed, I propoſed the 
expedient of hanging ſail cloth on the cor- 
nices and ſcaffolding: but the expence of this 
meaſure, and the danger of it in windy wea- 
ther, were ſtrong objections. | 


EMBARRASSED by this unexpected difficulty, 
Ii reſolved to change my ground, and try 
what might be done by a new ſeries of expe- 
riments, in which I intended to uſe every 


known cheap ſubſtance, whether it could be 


reaſonably ſuppoſed to have any conſiderable 


effect towards ſecuring 2 recent incruſtation 


againſt the above-mentioned impreſſions of 
rain or hot weather, or could be ſuſpected 
of rendering the ſtucco defective. I proſe- 
cuted this enquiry with great alacrity, be- 
cauſe I was certain that, although I ſhould fail 
in the attempt towards improvement, I 
ſhould learn how in future to avoid thoſe 


] 3. things 


5 8 | 
things, which being natively blended in cer- 
tain kinds of lime ſtone ſand or water, tend to 


render the mortar made with them faulty, 
I had already conceived a notion, which 


I ſhall ſubmit to my reader before I conclude, 
concerning the excellence of ſome antient 


cements ; but leſt I ſhould be miſled by it, 


I proceeded, in all the experiments which I 
am to relate, on the ſuppoſition that this ex- 
cellence is owing to ſome matter, accident- 


ally introduced in the materials which the 
Antients found in the diſtricts contiguous to 


their moſt durable cementious works, or 


deſignedly blended with their mortar. 
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SECTION XV. 


Experiments ſhewing the integrant Parts of Gra- 
vel, the Choice and Preparation of it ; and the 
Effects of Clay, Fuller's Earth, and Terras, 


in Mortar. 


N inſpecting different kinds of gravel 
uſed in London and in divers parts of 
England, in making mortar, I obſerved that 
they all contained ſome clay ; and that this 
was generally coloured with martial matter. 
In conſideration of the frequency of this mat- 
ter in mortar, I made it the firſt ſubject of 


my preſent enquiry. 


| Br the art already deſcribed, I ſorted three 
buſhels of ſkreened gravel dug up near Port- 
land Place in Marybone pariſh, into five par- 
cels; one equivalent to our rubble, another 
to coarle ſand, another to our fine Thames 
ſand, another to our fineſt ſand ; and the re- 
mainder was ſet apart as clay or bolar earth. 
I dried all theſe, - and reduced the lumps of 
clay to an 1mpalpable powder. | 
14 | Havixg 
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Havins treated divers other ſpecimens of 


gravel in the ſame manner, I found that gra- 


vel, freed from the larger Ni by Kreen- 


ing, may gencrally be conſidered as a native 


mixture of rubble, ſands, and clay; and that 
when the clay is waſhed out, the reſiduary 
parts of the different kinds of gravel, differ in 
ſize, ſharpneſs, colour and hardneſs; thoſe 


being the hardeſt which conſiſt chiefly of 


quartoſe matter. Judging of gravel accord; 
ing to the precepts derived from my trials of 
ſand, I rank that dug in Marybone amongſt 
the better kinds of gravel, and uſed ng other 
in mortar. 


AFTER a great number of trials of ce- 


ments made with my beſt chalk-lime, lime- 


water and the gravel, or certain parts of the 


gravel, and applied on tiles and on a wall, I 


found that thoſe made with the coarſe and 
fine ſand of the gravel, ſeparated from the reſt 
of it, and mixed in their native proportions, 
were the beſt; that thoſe made with the 
rubble coarſe ſand and fine ſand mixed in 
their original proportions, but containing no 
other part of the gravel, were the next in 


hardneſs and the other deſireable qualities; 


that 
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that thoſe containing all the parts of the 
gravel except the clay, in their native propor- 
tions, differed in nothing, that I could diſco- 
yer, from theſe laſt, for the fineſt ſand 
of this gravel was not a fiftieth part of the 
maſs of it ; that thoſe containing the rubble 
ſands and clay in the ſame proportions, and 
thoſe made with the unwaſhed gravel, ' ap- 
peared on a cloſe examination to be the worſt 
of all theſe: and thoſe containing the na- 
tive unwaſhed gravel mixed with twice its 
proper quantity of the clay of ſuch gravel, 
ſhewed moſt clearly that clay is highly inju- 


rious, by diſpoſing the mortar to crack in dry- 


ing, to ſoften in wet weather, and to moulder 
when the quantity of clay is one- eighth of that 
of the ſand; but in much ſmaller quantities, 
it only prevents the cement from acquiring 
the hardneſs peculiar to good mortar, and 
conſequently diſpoſes it to periſh in a few 
years, 


Wiru my beſt mixtures of Thames ſands 
lime water and lime, I blended fine fat to- 
bacco- pipe clay, in different proportions, and 
expoſing theſe ſpecimens, I perceived that the 
_ of clay is greater as it Is puter and fat - 


ter. 
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ter. The ſpecimens in which the quantity 
of fat clay was one-ſeventh or one-eighth of 
that of the ſands, mouldered early in the 
winter like marle. 


Tusk appearances were not altogether un- 
expected : for in experiments formerly made 
with a view to the improvement of fire-veſ- 
ſels, I had obſerved that clay adheres but 
weakly to any hard bodies, however ſlowly 
it is dried on them, and that maſſes compoſed 
of clay and ſand in divers proportions, never 
acquired any conſiderable hardneſs by the 
mere drying and expoſure to air: It was 
therefore not likely that clay ſhould add to 
the ſtrength of mortar : but as dried clay 
greedily imbibes water and ſwells with it, 
and in drying contracts greatly and cracks, if 
any thing prevent it from contracting equa- 
bly ; and as marle ſtones, which conſiſt of 
clay and calcareous earth, moulder in the wea- 
ther; it was to be expected that clay would 
be hurtful. 


THESE experiments point out another cauſe 
of the defects of the common mortar, and 
ſhew that the gravel or pit-ſand to be uſed in 


any 
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any valuable building, ought to be freed from 
the clay by waſhing, which will be found a 
very cheap operation, even 1n cities, if the 
water which carries off the clay, be directed 
into a place where it may be depurated by ſub- 
ſidence, for repeated uſe: they likewiſe direct 
us in the examination and choice of theſe, and 
ſhew that the viler kinds may be made equi- 
valent to our beſt mixture of Thames ſand, or 
nearly fo, by waſhing and ſorting, and then 
rejecting the exceſs of rubble or fine ſand. 


I MusT obſerve however that ſome kinds of 
gravel cannot be made fit for mortar by this 
proceſs: for the grains of them, which re- 
ſemble thoſe of rubble and coarſe ſand, conſiſt 
of ſmaller grains cemented by clay, which is 
ſo far indurated that it cannot diffuſe itſelf 
in the water ſpeedily, _ 


, FuLLERs EARTH tried in the ſame manner 
was found to operate in the mortar like clay, 
in every reſpect, as I might have preſumed, 
except that the former was leſs injurious than 
the clay, when the quantities of them were 
equal. 


TERRAS, 


[ Aa 1 

- TxxrAs, which is a volcanic production 
conſiſting chiefly of clay and calx of iron in- 
durated together, when it was ground to an 
impalpable powder, produced the effects of 
fuller's earth, in mortar, the more fenfibly as 
it approached nearer to be one-ſeventh of the 
quantity of ſand. The coarſer powder of 
terras had leſs effect. 


f % * 
A Mok rTAR made of terras powder and lime 


was uſed in water fences by the Romans, 


and has been generally employed in ſuch 
ſtructures ever ſinee their time. It is pre- 
ferred before any other, for tbis uſe, becauſe 
it ſets quickly, and then is impenetrable to 
water: whence ſome people haſtily conclude 
that it is the beſt kind of mortar for any pur- 
poſe. But by experience I know that mor- 
tar made of lime and terras powder, whether 
coarſe or fine, will not grow ſo hard as mor- 


tar made with lime and ſand, nor endure the 


weather ſo well; but on the contrary is apt to 
crack and periſh quickly in the open air. 
The efficacy of it in water fences is experi- 
enced only where it is always kept wet, and 
ſeems to depend on the property which the 
powder of terras has, in common with other 

in- 
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indurated argillacious bodies, and eſpecially | 
the boles, but in a higher degree, of expedi- 
ting the cryſtallization of the calcareous mat- 
ter, by imbibing the water in which it is 
diffuſed in the mortar, and of ſwelling, du- 
ring this abſorption, ſo much, as to render 
the cement impenetrable to any more water : 
it ſeems alſo that an acid of the vitriolic kind, 
which is contained in terras as well as in 
boles, contributes to the ſpeedy ſetting of 
this cement, by reducing a part of the lime 
to the condition of gypſum. 


a 
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riſh in time, as the quantity of plaiſter pow- 
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SECTION XVI. 


Experiments ſbecwing the Effect: Plaiſter Pow- 


atr, Alum, Vitriolic Acid, of ſome metallic 
and earthy Salts, and of Alkalies, in Mortar. 
Practical Inferences. 


N my beſt mixtures of coarſe and fine 
Thames ſand with one-ſeventh and with 
larger quantities of lime, I tried the gypſecous 


powder of which plaiſter of Paris is made ; 


and found it to be injurious in proportion to 


the quantity of it. The particular effects of 


gypſum in mortar, were ſuch as might be ex- 
pected in conſequence of our knowledge of 
the ſaline nature of it; gypſum being a com- 
pound of calcareous earth and vitriolic acid, 
which is ſoluble in water, not ſo freely as 
neutral ſalts, but rather like lime: it diſpoſed 
the mortar to ſet faſter than it could be ap- 
plied in ſtuccoing ; it contributed very little 
to the plaſticity of it ; and the cement was the 
more apt to ſoften in wet weather and to pe- 


der 


8 


t 
der in it was greater. The greateſt quantity 
tried was only one- ſeventh of that of the 
ſand. 


ALUM was found very injurious. The 
acid of alum formed ſelenite or gypſum with 
a part of the lime, and thus operated like 
gypſum or plaiſter powder; whilſt the earth 
of the alum induced the imperfections which 
attend the uſe of clay. The greateſt quan- 
tity of alum uſed was one part in ten of the 
beſt mixture of ſand and lime ; and this ſpe- 
cimen mouldered, in nine or ten months, like 
marle. 


— 


VITRIOLIc acid, which formed ſelenite or 
gypſum with a part of the lime, produced the 
effects of a — quantity of plaiſter 


powder. 


VITRIOLS of lead and of tin, being decom- 
poſed by the lime, operated like ſmaller quan- 
tities of vitriolic acid: martial vitriol or cop- 
peras had the ſame effect, and induced an 
olive colour, which was ſoon turned to that 


of ruſt. 
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Wren 151 of zinc or white vieriol, and 
Eyſom ſalt, did not diſpoſe the mortar to ſet 
haſtily, nor injure it in any particular diſco- 
verable during the application and drying 
of it ; for theſe vitriols are not eaſily decom- 
poſed by lime: but afterwards I perceived 
that they impeded the induration of the 
ftuceo, and diſpoſed it to ſuffer by the wea- 
ther, the more as the quantity of either of 
them came near to be one-tenth of the quan- 


tity of ſand, 


V1TRIOLATED tartar, Glaubers ſalt, and 
the ſalts which are found in moſt of our wa- 
ters, ſuch as ſea ſalt, nitre, marine calcareous 
ſalt, calcareous nitre, and that compoſed of 
magneſia and marine acid, were found like 
Epſom ſalt to injure the beſt mortar: ſo were 
cauſtic mineral alkali ; cauſtic vegetable al- 
kali; and liquor fihcum. Cauſtic volatile 
alkali, which ſoon exhales by reaſon of its 
volatility, had no ſenſible effect. I did not 
try argol or mild alkalies, becauſe they reduce 
the lime to Whiting; neither did I uſe any 
acid which forms a very ſoluble falt with 


ime, for obvious reaſons. . 
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c Kitowrno that the lime which has been 
employed by ſoap-boilers to. render their bas 
rilla and pot-aſh cauſtic, contains, even after 
the repeated elixations, | a little alkali and 
vitriolated tartar blended with the calcareous 
earth ; and that the greater part of this laſt 
is teſtored to the condition of chalk, by the 
acidulous gas imbibed, from the alkaline ſalts? 
I had, in confequence of the foregoing ex- 
periments, ſufficient reaſon to preſume that 
this refuſe matter of the ſoap-boilers cannot 
anſwer the purpoſes of lime, or improve our 
mortar. But as a pretence to the contrary 
is made by ſome artiſts, and appears in the 
Builder's Dictionary, and as the cheapneſs 
of this article is a temptation towards] their 
extending the uſe of it, I reſolved to decide 
this * by direct experiment. 941851 


AFTER trying, in my uſual method, ſpe- 


cimens of mortar made with the refuſe of 


ſoap-lees and my beſt ſand, in different pro- 
portions; and others made with this ſand, 
lime, and the refuſe matter, in various pro- 
portions; I found the firſt deſtitute of the moſt. 
uſeful properties of good mortar ; and the 
others were defective, in proportion to the 
K oh W 
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quanitity: of the refuſe matter relatively” to 


that of the lime. Whether this matter im- 
proves mortar made with gravel and the com- 
mon | chalk-lime, or encreaſes the defects of 


i, is a — not worth our notice. 


Tus experiments lately related ſhew that 
n is the more unfit for building and ex- 


ternal incruſtations, - as it contains more gyp- 


ſum; and I muſt now remark that moſt 


kinds of lime-ftone uſed. in England con- 
tain confiderable quantities of this matter 
which is not much corrected in the burning: 
But as I have, in the ſecond ſection, enabled 
my readers to diſcover this imperfection, I 


hape I ſhall be excuſed from the invidious 


affice of depreciating or recommending any 
particular lime- ſtone or manufactory of lime. 


Tur cautions which our laſt mentioned 
experiments ſuggeſt with regard to the uſe 


abound with one or more of the above- 
mentioned ſalts ; and it is not to be preſumed 
that the quantity of theſe contained in water 


which is uſed for culinary purpoſes, cannot 


* 8 | | be 


of water, are eſpecially neceflary in this 
country, where moſt of the wells and ſprings 
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be injutious iri mortar; for 1 know that fe- 


concluding that ſuch faline waters will be 


ſand is taken from the ſea ſhore. The 


Twi) 


lenite, Epſom falt, the very deliqueſcent falts 


compound of magnefia and marine acid and 
of caltareous earth and the ſame acid, may, 


together with a little ſea- ſalt, be natively dif 
folved in water, to the quantity of half an 
ounce in a gallon, without affecting the taſte 
of it ſenſibly. When we confider the quan- 
tity of water neceſſary in flaking the lime 
making the mortar and wetting the thir- 
ſty bricks, and the ſmallneſs of thoſe por- 
tions of ſalts, whoſe injurious effects were 
diſcoverable in the courſe of one year, or in 
a ſhorter time, we find ſufficient grounds for 


found hurtful in mortar, before many years 


elapſe, particularly where it is expoſed to 


moiſture. Indeed this has been already ex- 
perienced of ſea- ſalt, even in the ſmall quan- 
tity of it introduced in mortar, when the 


eaſieſt method of diſcovering the quantity 
of ſaline matter in water, conſiſts in evaporat- 
ing it ſlowly to dryneſs and weighing the 
reſidue: water which depoſites calcareous 


. earth as ſoon as it is heated, ought to be cleared 


by ſabſidence ar filtering, before the evapo- 
ration is compleated. 
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Wm a choice can be made, rain water 
is to be preferred; river water holds the next 
place, land water the next, ſpring water the 
laſt; and waters noted medicinally or other- 
wiſe for their ſaline contents, ought not to 
be uſed at all in mortar; for the ſalts con- 
tained in them are thoſe which were tried, 
the vitriolated tartar excepted. 
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SECTION NI. 
FI 
Epe ſhewing the Effects of ſkimmed Milk 
Serum of Ox-Blood, Decottion of Lint-ſeed, 
. Mucilage of Lintſeed, Olive Oil, Liniſced Oil, 


and Refin, in Mortar; and the Effect of paini- 
ing calcareous Incruſtations. 


X 


T. the ſame time and in the ſame mix- 
tures of the beſt ſand and lime, I tried 
ſkimmed milk, ſerum of ox-blood, decoction 
of lintſeed ſtrained, and thick mucilage of 
lintſeed, in the place of lime water. 


8 


Tux mortar made with any of theſe was 
fatter as the liquor was more glutinous, but 
was as liable to crack as mortar made with 
water. In the courſe of a year it appeared 
that each of theſe liquors encourages a vege- 
tation to take place on the ſurface, which 
gives it an ugly appearance, and tends to 
ruin it; and that they all prevent the cement 
from acquiring the experienced hardneſs of 
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our beſt compoſitions, or indeed from having 
any competition with them in this particu- 
lar. 
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Tn notion therefore which is entertained 
by the builders, concerning the uſe of fkim- 
med milk and blood, is erroneous, unleſs it 
be confined to the viler kinds of mortar, 
which may perhaps be imptoved by them ; 
becauſe a compoſition of ſand whiting and 
mucilage, grows harder than that of — 
and ſand kneaded with water. p 


Ir ſeems to me that glutinous liquors 
and good lime act reciprocally on each other, 
in the time of mixing them, to the deſtruction 
of their reſpective characters, and particular- 
ly to the converſion of a part of the quick 
lime into whiting; and that if any kind of 
mortar is improved by them, it is then eſpe- 
cially, when the work man takes advantage of 
the fatneſs induced by them, and uſing leſs 
than his cuſtomary quantity of lime, lecuren 
his work from . 


OLIVER oil mixed with good mortar, or ſub- 
ſtituted in the place of a part of the lime wa- 
ter, 


= © 20 
ter, rendered the cement defective, as the 
quantity of oil was greater. The greateſt 
quantity uſed was half that of the lime. 


IINTSEED oil uſed in the fame manner, 
makes the mortar fatter, retards the drying 
of it, and,prevents it from acquiring in any 
time, fo great a degree of hardneſs as it other- 
wiſe would have. It was the more hurtful 
as the quantity of it was nearer to that of 
half the lime: in much ſmaller quantities it 
was lets injurious than olive oil. From my 
obfervations on this ſubject, and on the com- 
poſitions called oil cements, I have reaſon to 
conclude, that no oil ought to be uſed in a 
cement which conſiſts chiefly of ſand lime and 
water; nor any water or watery liquor, in a 
cementious mixture, which is moiſtened and 


kneaded with oil chiefly. 


R n 


As lintſeed oil whiting and ſand make a ce- 
ment which hardens to a great degree, in dry 
ſituations, and abides the weather a long time 
before the hardened oil relents, it is not im- 
probable that lintſeed oil may meliorate mor- 
tar made with bad lime. But good lime and 
lintſeed oil ſeem to injure each other, in form- 

K 4 ing 


_—_—_ — 4 — D 
” _» — ꝑ B ů «²ᷣ[ͤ — ——U—U[U— —— n — — 


| L 136 1 
ing a kind of ſaponaceous ns with the 
lime water of the mortar. 5 


TS . 
i 


"__ tha int effects of ſaline, ge- 
litinous, and oleaginous matter, I infer that 
cow-dung, which I have not tried, would im- 
pair good mortar. It makes the common 
mortar fatter, and in that reſpe& more con- 
venient for pargeting the interior ſurface of 
chimney flues: it ſeems likewiſe to prevent 
the parget made with bad lime, from drying 
ſo quickly and from cracking ſo much as it 
otherwiſe would do; the fibrous part of the 
dung being capable of contributing largely to 
this latter effect. On theſe grounds it may 


be uſeful in bad mortar thus applied, whether 


it increaſes the hardneſs of it or not; altho 
it is likely to impair good mortar, 


Powper of refin intimately blended with 
mortar by grinding it with a part of the lime 
and lime water, was hurtful according to the 
quantity of it; the greateſt quantity tried be» 
ing one-fourth of that of the lime. 


Berort I knew the event of thefe experi- 
ments 1 made an incruſtation on a wall front- 


in 2 
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ing the ſouth, but: ſhaded from the ſun after 

mid-day, with a cement compoſed of ſeven 
parts of my mixed ſand, one of the beſt ſtone 
lime, and the neceflary quantity of lime wa- 
ter. As ſoon as the incruſtation was dry, 
which happened in four days, I painted one- 
third of it with lintſeed oil prepared for pain- 
ters uſe, another third with white lead paint, 
and the remainder was ſeparated from theſe 
bya channel cut between them. : 


- AFTER fourteen months the laſt- mentioned 
portion was very hard near the ſurface, and 
the induration extended deeply in the maſs of 
it, though not in fo great a degree of perfec- 
tion as that of the ſurface : The painted por- 
tions were alſo very hard at the ſurface, but 
internally much weaker than the other. 


From my obſervations of theſe ſpecimens, 
and of divers incruſtations in this city, which 
being made of bad calcareous cement, have been 


painted and ſanded, in order to fill the cracks 
and fence them from the weather ; I have 


had ſufficient reaſon to conclude, that an incru- 
ſtation, made as goodas it may be.with lime and 
ſand and lime water, is not bettered by paint- 


ing 
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ing it as ſoon as it dries; that this covering 
retards the induration of it, by cutting off its 
communication with the air; that it there- 
fore renders it liable to be irreparably in- 
jured in wet weather, wherever the water 
- can get behind the paint; and that if paint 
or oil ought ever to be applied on fuch 
ſtucco, it ought not to be uſed in lefs than 
a year after the incruſtation is made : I like- 
wiſe found that the painting and ſanding of 
the common defective incruſtations, contri- 
butes very little to their duration, although 
it hardens them at the ſurface; for it does 
not effectually prevent them from cracking; 
and it avails very little to paint the cracked 
ſtucco again; becauſe cracked ſtuceo is al- 
ways hollow, as the workmen term it; that 
is, it parts from the wall in the parts conti- 
guous to the cracks, ſounds hollow on being 
ſtruck with the knuckle, and falls off in a 
few years, if it be ſo thick and large in ex- 


tent as to break the adhering portians by its 
weight, 
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SECTION XVII. 


Experiments ſhewing the Efſeft of Sulphur, in- 
troduced by different Methods, in Mortar. 


N my firſt trials of ſulphur, it ſeemed to be 
. uſeful ; and this led me to try it in fo 
many different ways, and in ſo many mix- 
tures of lime and ſands, and of theſe with 
flint powder and divers other ſubſtances, as 
would render the recital of all my obſerva- 
tions on the effects of it inconſiſtent with the 
plan of this eſſay: I muſt therefore content 
myſelf with communicating thoſe which I 
think moſt uſeful, in ſuch terms as may give 
ſome intimation of the manner in which the 
experiments were made, 


Wren the livigated powder of ſulphur was 
mixed with mortar already made of good ma- 
terials and did not exceed one-thirty-ſecond 
part of the maſs, it ſeemed to improve it, 
in the firſt and ſecond month, and ſometimes 
during a longer time of compariſon with 

mortar 


ten or twelve months the fulphur was found 


+ = 
mortar made of all the ſame materials, ex- 
cept ſulphur, in ſimilar proportions : But in 


injurious, and the more fo, as it exceeded the 
foregoing proportion. The moſt hurtful ef- 
fect of it was, its diſpoſing the mortar to re- 
lent in long continued rains, and grow quite 
friable after a few alternations of freezing and 
thawing. It had the fame effect in mortar 
containing ſeveral of the ingredients already 
named and of thoſe hereafter to be mentioned. 


Wu the ſulphur was mixed with freſh 


powdered lime, and theſe were ground briſk- 
ly with lime water, a calcareous liver of ſul- 
phur was formed, proportionate to the quan- 


tity of {ulphur uſed; and the mortar made 


with this mixture and ſand, or with this and 
ſand and other ingredients, was worſe than 
mortar containing an equal quantity of the 
ſulphur mixed in 1t in the former method, 


Tu tranſparent liquor called liquid cal- 
careous liver of ſulphur, which conſiſts of 
ſulphur diſſolved in water by the inter- 
vention of lime, being uſed inſtead of 
water in making mortar with ſand and 


lime in any proportions, was found more in- 


jurious 
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jarious than three times this quantity of un- 
diſſolved ſulphur was, in the firſt-mentioned 
method of uſing it: and this liquor had the 
like effect in mixtures of mortar with divers 
other ingredients. Whence I infer that ful- 
phureous mineral waters ought not to be uſed 
in mortar. | 


Ix the plan of theſe experiments had not 
comprehended the noxious as well as the uſe- 
ful ingredients, and I had not reſolved to 
diſtruſt every theory, I might have prog- 
noſticated the event of theſe mixtures, in 
conſequence of my certain kn owledge of the 
operation of ſulphur lime and air on each 
other. 


Warren ſulphur and lime are moiſtened 
with water, and expoſed to air, the acid of 
ſulphur being attracted by the lime, whilſt 
the phlogiſton of the ſulphur is attracted by 
the air, a decompoſition of the ſulphur takes 
place, and new compounds are formed. The 
acid and lime gradually form ſelenite or gyp- 
ſum, whilſt the air combined with the phlo- 
giſton is wafted away. Therefore lime, by ſo 
much of it as is thus expended in forming 


gypſum, 
1 
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gypſum, is not only unable to aft as a dus 
table cement of the grains of ſand; but is 
capable, according to the experiments of the 
fixteenth ſection, of counteracting the ce- 
menting powers of the reſiduary part of it, 


when the mals of ſulphurated cement is ex- 
poſed to the weather. 


Tx pleafing warm colour which ſulphur 
induces in calcareous ſtucco, whilſt it is 
freſh, and the promiſing appearances of ſuch 
an incruſtation in the firſt year, have, if I am 
rightly informed, already miſled an artiſt to 
apply it freely at his own riſque. I wiſh theſe 


obſervations may ſerve to undeceive him. 


? 


ABovr this time, the imitation of coloured 
ſtones, by incruſtations, became an object of 
my attention; and ſome of the ſubſequent 
experiments were made with a view to it, as 
well as to the purpoſes already exprefled. 


SECTION 
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SECTION XIX. 


Experiments Being the Effects of Crude Anti 
mony, Regulus of Antimony, Lead Matt, 
Potter's Ore, White Lead, Arſenic, Orpi- 

ment, Martial Pyrites and flaked Mundic, in 

Mortar. 


RUDE antimony reduced to an impal- 
pable powder and then ground with 
the lime and lime water, operated in mortar 
as ſulphur does when it is uſed in the ſame 
manner and in the quantity which the crude 
antimony contains. The antimonial powder 
moreover induced a diſagreeable blueiſh co- 
lour, which in a little time became brown 
and afterwards yellowiſh. 


Wuen the powder of antimony was mixed 
in the mortar after it was made it was leſs 
injurious. e 


Rxrc6vLvs of antimony tried in the ſame 
way, ſeemed to have no other effect than 
4 | | that 
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that which is produced by the admixture of 


flint powder or other ine . of hard 
bodies. | Bs 538 
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PowERED lead matt and potter's ore of 
lead acted like crude antimony, but more 
flowly and weakly in * quantities of 
them. 


E 


Wurz lead was found exceedingly inju- 
rious, which I expected; for J had long be- 
fore diſcovered and ſhewn in my public 
Courſes of Chymiſtry, that a great part of 
white lead is acidulous gas, into which vine- 
gar is eaſily convertible in the proceſs for 
making white lead and in many others; and 
I foreſaw that the lime, attracting this mat- 
ter, would be reduced to the condition of 
whiting | in the time of making the mixture, 
and that the mortar would conſequently be 
defective. The white lead, as faſt as its aci- 
dulous gas is drawn from it by the lime, be- 
comes yellow like maſſicot. As white lead 
improves the oil cements, theſe experiments 
 ſhew that there is no true analogy between 
the calcareous water cements and thoſe 
which are called oil cements. _ 
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--ARSENIC operated in mortar like the neutral 

ſalts; and orpiment produced the injurious 
effects experienced of ſulphur and of arſenic; 
which effects were greateſt when the orpi- 
ment was ground with the unſlaked lime and 
lime water. Orpiment imparted a dark 
brown colour at firſt, which ſoon became 
yellow and afterwards diſappeared. 


Tux martial pyrites called mundic, heated 
to redneſs, and then ſlaked by moiſtening it 
with water whilſt it was hot, operated like 
crude antimony, with this difference only, 
that a greater quantity of it was required to 
produce the ſame effect; for this reaſon, as I 
conceive it, that the quantity of ſulphur in 
martial pyrites is leſs than in crude antimony, . 
and being held in it by a more foreible at- 
traction, is prevented from acting ſo freely on 
the lime of the mortar. The colour induced 
by the flaked mundic was at firſt blueiſh and 


afterwards turned to that of iron ruſt, 


Tus mundic, which was that of Wiel- 
Virgin in Cornwall, uſed in its native ſtate, 
in mortar, kept me in ſuſpence upwards 
of twelve months. It was tried not only on 
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tiles, but in large incruſtations on walls, be- 
cauſe it promiſed great advantages at firſt. 
When the quantity of it did not exceed one 
twenty · fourtli of that of the mortar, it mani- 
feſtly increaſed the induration of the cement 
during the firſt nine months; but after fourteen 
or fifteen months it diſpoſed the incruſtation to 
relent, the more as it was oftener wetted or as 
the place was damp, and from being exceed- 
ingly hard, to become penetrable to a pointed 
inſtrument puſhed only with the hand, and 
as brittle as chalkſtone. The colour and 
changes of colour of the mortar containing. 
native mundic, are fimilar to thoſe produced 
by the flaked mundic, and are not at all plea- 
ſing to the eye. The effects of much ſmaller 
quantities of this matter in mortar do not yet 
appear ſo clearly; but there is no reaſon to 
preſume that they will be of the ſame kind, 
though in a ſmaller degree. 


THESE and the preceding experiments in- 
dicate that all bodies ſoluble in water, not ex- 
cepting arſenic, and all thoſe which are capa- 
ble of effloreſcing, or of being decompoſed by 
alt and moiſture, are hurtful in mortar ; and 
** rn us to avoid thoſe kinds of gravel 

| Which 


AK 
which are impregnated with pyritous matter, 


whether it be arſenical, metallic, aluminous, 
or calcareous. The effects of regulus of an- 
timony, and the ſpeedy decay of the cheaper 
metals, however perfectly they are deſulphu- 
rated, give ſtrong grounds for preſuming that 
calcareous cements, which are to be expoſed 
fully to the weather, are more likely to be 
injured than improved by metallic matter in- 
troduced in any form. 
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SECTION XX. 


Experiments ſhewing «he Lffects of Iron Scales, 
waſhed Colcothar, nairve Red Ochres, Yellow 
Ochres, Umber, Powder of coloured Fluor, 
coloured Mica, Smalt, and other coloured Bo- 
dies, in Mortar. Advices concerning coloured 


Incruftations, Infide-Stucco, and damp Walls. 


RON ſcales from a ſmith's forge, which 
conſiſt of iron ſemi-calcined, and are 
thought by many artiſts to improve mortar, 
were tried eighteen months ago, by grinding 
them to a fine powder, and mixing this in 
mortar, to half the quantity of the lime, and 
in ſmaller proportions. 


Tue larger quantities, in the courſe of 
twelve or fourteen months, appeared to be 
hurtful ; and by theſe I judge of the ſmalleſt, 
which do not yet appear to produce any re- 
markable effect in incruſtations made in dry 
fituations, except the ruſty colour which 
they induce. ' But in thoſe which reached 
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near the ground, and in others made on tiles 
which were laid flat on the ground in a ſha- 
ded damp corner, in both of which inſtances 
the incruſtations were always moiſt, the iron 
powder ſeemed to render the cement a little 
harder than it could otherwiſe become in 
the ſame time in ſuch circumſtances, and it 
certainly made it cloſer in the grain. 


By theſe experiments Iam inclined to think 
that iron powder, which, during its con- 
verſion to ruſt, imbibes a great deal of aci. 
dulous gas and air, and ſwells conſiderably, 
may be uſed with ſucceſs, where the proper 
induration of good mortar 1s prevented by 
continual moiſture, and the chief purpoſe 
of the cement is, to exclude water perfectly, 
by the cloſeneſs of its texture, to which the 
{welling of the iron contributes not a little, 
If it is capable of producing any deſireable 
effects in cements otherwiſe circumſtanced, 
theſe are to be expected only when the quan- 
tity of it does not exceed one-eighth of that 
ef the lime, or one-fiftieth of that of the 
maſs of mortar. 
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 Wagred cblcothar of iron, native red 
1 yellow ochres, and umber, had the 
effects of ſmaller quantities of terras, ot of 
** quantities of flint- po der. 


Col ounꝝp fluor and micaceous ſtones, co- 
loured marble, ſmalt, and divers other co- 
loured ſubſtances, which are inſoluble in wa- 
ter, reduced to fine powder, induced their re- 
ſpective tints in the incruſtations, but acted 
like flint powder, 


From the experienced effects of coloured 
calces of iron, and of divers ſulphurated and 
periſhable metallic powders, I learned that 
theſe ought not to be uſed in external incruſ- 
tations ; ſince they render them more defec- 
tive as they colour them deeply; and I turned 
my thoughts to the diſcovery of ſome other 
expedient for inducing permanent colour 
without injuring the cement. 


1 soo found that this may be done, with 

regard to the lighter and pleafanter tints, by 
the uſe of coloured ſands, or the coarſe gritty 
ſorted powder of hard and durable coloured 
bodies. Lynn {and affords a white cement 


which 
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which 1s the better, as mere of the fineſt 
part is ſifted out of the ſand. Thames fand 
makes a grey cement not unlike Portland 
ſtone, ' and this colour is agreeably varied 
buy the uſe of grey bone-aſh, of . we 
ſhall preſently treat. 


A xnren yellow tint is obtained by uſing 
the golden yellow ſands, of which kind there 
is one near Croydon in Surrey; and a ſmall 
quantity of this ſand mixed with Lynn ſand, 
gives a warm white, and with Thames ſand, 
an exact reſemblance of the Bath ſtone. 
Theſe are the moſt 3 tints for the 
fronts of . 

% je \ 

UnTii I had tried the gliſtening ſcaly 
talcs, I imagined they would ſerve to impart 
all other tints, as they may be had of any 
colour, and are as durable as they are plea- 
ſing to the eye: but they were found to 
weaken the adhefion of the cement to the 
wall, and to make it ſo rough and ſhort, that 
1t was almoſt impoſſible to form a {ſmooth 
compact incruſtation with it, unleſs the 
lime were uſed in exceſſive quantity; and in 
the courſe of eight or nine months it ap- 
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peared that the cements, in which they were 
mixed in the quantity neceſſary to produce 
ſtrong tints, were rendered {| pongy, and 
greatly weakened by them. 


SCALY gliſtening ki ſtrewed equably 
on an incruſtation previouſly wetted with a 
thin mixture of lime water and lime, and 
gently compreiled to lay the ſcales flat, im- 
parts its colour with the fulleſt effect. In 
this way coloured mica may be uſed, where 
it is cheap, on external incruſtations, if the 
perſpective appearance of a building xan be 
improved by different colours of any members 
of it: and this kind of colouring greatly ex- 
cels painting, in the fickle weather of our cli- 
mate, becauſe it laſts unfaded, as long as the 
micaceous cruſt, 


To tinge a cement ſufficiently for prof- 
pect or contraſt, of any colour which is not 
found in ſand, ſo that the incruſtation ſhall . 
not be impaired, and that the colour ſhall be 
as durable as the cement; I found nothing 
more adviſeable than to uſe, in the place of 
the ſand, or of a part of it, coloured glaſſes or 
coloured ſtones of the hardeſt kind, beaten to 


/ 


coarſe 
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coarſe powder, the finer parts of which are 
to be waſhed away, not merely becauſe they 
are injurious to the cement, but becauſe I 
have obſerved that they contribute very little 
to the intended colour, fr 


Tux drying, induration, and texture of in- 
cruſtations made on brick walls and other ir- 
regular ſurfaces, are always ſo far unequal as 
to exhibit viſible traces, which deform the 
work and cannot be effectually obliterated by 
any known method ſo convenient as that of 
covering the firſt coarſe incruſtation, after it 
has dried, with another coat which may be 
made finer and ſmoother. Thus the expence 
of fine grained ſmooth or coloured ſtucco is 
rendered moderate; becauſe the finer, or the 
colouring materials, may be reſerved for the 
| exterior coat, which will laſt for ages, if the 
cement be good; as we ſhall ſhew, when we 
come to conſider the experienced duration of 
the beſt calcareous cements. 


As the mouldings and paintings which are 
expended on the ſoft ſtucco now uſed, and 
which contribute ſo much to the magnifi- 
cence of our apartments, can be equalled, in 

their 


1 
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their ornamental effects, by the double in- 
cruſtations which I have deſcribed, and great- 
ly exceeded by theſe laſt in the hardneſs and 
duration of them, I do not doubt that 
plaiſterers will adopt this improved method; 
when they find that it is conſiſtent with their 
own intereſt, as well as with that of their 
employers. 


I am not ſufficiently acquainted with their 
buſineſs to form a juſt eſtimate of this ſub- 
ject; but J will ſubmit to their couſideration 
2 tew obſervations which would influence me 
very much in the choice of ſtucco for a 
houſe of mine. 


TE compoſitions heretofore uſed for ſtuc- 
coing within doors, are incapable of harden» 
mg conſiderably, and when they are laid on 
the naked walls, ſoon become 'tarniſhed, un- 
fightly, and inconvenient, by the damps 
which the workmen call ſweating, and 
which are, in my opinion, of two kinds; 
one I will call damp by tranſpiration, the 
other damp by condenſation. The damp by 
tranſpiration occurs, when the principal walls 
are ſtuccoed before they have dried, or when 

s the 
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the materials of them are ſo ſpongy as to im- 
bibe the rain, and the circulation of air with- 
in the houſe 1s not ſufficient to waft away the 
moiſture which tranſudes from the wet wall 
into the ſtueco; and eſpecially when the ex- 
halation of this moiſture from the ſtucco, is 
impeded by the cloſeneſs of its texture; for 
all ſuch bodies retain moiſture the more for- 
cibly, as their pores are ſmaller, and as the 
air meets more difficulty in pervading them. 
I ſee no reaſon to doubt that this inconve- 
nience would be obviated by making the in- 
cruſtation of a texture ſimilar to that of the 
materials on which it is laid; and that the 
cement made with about ſeven parts of ſand, 
one of lime, and the lime water, and im- 
proved, as we ſhall teach hereafter, by the 
admixture of bone-aſh, would continue dry 
in fuch circumſtances, becauſe moiſture 
quickly exhales from it, by reaſon of its tex- 
ture. 


Tus damp which ſeizes incruſtations, 
when the walls are badly conſtructed, when 
the joints of the facing bricks become hollow 
by the decay of the mortar, or when the co- 


pings 
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pings or gutters are defective, do not fall un- 


. © 0 
der our conſideration. 


Tun damp by condenſation appears moſt on 
the fineſt and cloſeſt incruſtations, however 
perfect and old the walls may be. To find the 


proximate cauſe of it, we need only to advert 


to that which gathers on glaſs windows, whilſt 
the wainſcoat and other ſpongy bodies, which 
ſerve to incloſe the ſame rooms, remain dry; or 
to the moiſture which gathers on walls faced 
with the cloſer kinds of ornamental marble, in 
ſumptuous buildings, at the ſame time when the 
walls and incruſtations, which are contiguous to 
them, and are of a coarſe texture, are quite dry. 

In theſe and other inſtances we may perceive, 
that the damp is owing to the cloſeneſs of theſe 
bodies, and that a ſtucco pervious in a certain 
degree to air and moiſture, will be free from 
it, as well as from the other lately mentioned, 


Tre plaiſterers, finding their ſtucco, 
which is as fine and cloſe as they can make 
it, liable to contract theſe damps, eſpecially 
on the principal walls of houſes, caſe them 
with lath-work, on which the incruſtation 
is laid diſtant from the wall. In this way 

the y 
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they obviate the appearance of damp ; but 
they at the ſame time contract the rooms, 
and narrow pafſages and ſtaircaſes ſenſibly, 
at a great expence. This is enhanced by the 


repeated plaiſtering neceſſary to fill the ſlender 


cracks which disfigure their incruſtation 
during the drying, and by the oiling or paint- 
ing which is finally required to hide this de- 
fect compleatly, if not to give colour. Thus 
the work becomes coſtly, although the 
plaiſterers profit is moderate. 


<< 


On theſe conſiderations I am inclined to 


the opinion that it will be found as advan- 
tageous to the plaiſterer, as to his employer, 
to prefer our cement before any other, for 
internal incruſtations ; eſpecially when no 
other colour is required, beſides thoſe which 
may be imparted by coloured ſand, or mate- 
rials which do not greatly exceed it in price. 
I would not interfere with the workman, in 
forming an exact comparative eſtimate of the 
_expences, if I could do it; but I will venture 
to affirm that an incruſtation made as I have 
deſcribed, or in the improved method here- 


after to be ſhewn, will be found ultimately 


cheaper than any other yet diſcovered, for 
the 
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the following reaſons. It will be more 45 


gable by reaſon of its greater hardneſs; 
will retain its colour longer unfaded, <a 
the colouring materials do not tarniſh. or 


periſh like paint; it will preſerve the ſharp- 


neſs of the mouldings and the elegance of its 
appearance longer, becauſe it will not require 
the frequent painting which ſoon blunts the 
figures and mouldings of ordinary ſtucco ; 
it may be finiſhed with leſs labour, becauſe 
it is not apt to crack in theſe cireumſtances, 


and does not need many coats and repeated 
plaiſtering; and as it is not likely to con- 


tract damp, it will ſave all the expences and 
inconveniences of lath-work, whether it be 


laid on partitions or on principal walls, pro- 


vided the cement applied on the former be 
not made of the fineſt materials. 


Ir a poliſhed and white ſurface of our ſtuc- 
co ſhould be required, it ought to conſiſt of 
two layers: the firſt of which is to be coarſe 
and capable of hardening to the higheſt de- 
gree ; the ſecond is to conſiſt of flint pow- 
der lime and lime water, and is to laid on very 


thin, and finely ſmoothed. To give a rich 


colour together with a ſmooth ſurface, to our 
beſt 


— 
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beſt incruſtation, we muſt uſe, in the place 
of flint powder, for the finiſhing coat, tho 
coloured powder of ſands, or ſtones, or glaſſes; 
and introduce as much of the colouring i in- 
gredients uſed in painting, as will be ſuffi- 


cient to give the required appearance, avoid- 


ing thoſe which are ſpoiled by lime. 


To my eye, the warm white, or coloured 
ſtuceo which is not quite ſmooth, is the plea- 
ſanteſt: but thoſe who prefer the ſmootheſt, 


:ay have it made at a moderate expence, in 


this laſt- mentioned method, in which the 
uſeful and ſolid part of it, contributes to the 


ſupport and duration of the weaker orna- 


mental coat, which thus circumſtanced 1s: 
likely to preſerve its beauty for a very long 


time, although it might, in the weather, 
be impaied in three or four years. 
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SECTION XXI. 
Experiments ſhewing the E Feet, of common IWood- 
aſhes, calcined or purer I vod. aſies, elixated 
Aſtes, Charcoal Powder, Sea Coal-aſhes, 
and . powdered: Coak, in Mortar; and Obſer- 
vations on their integrant Parts, and the Dif- 
| ferences between them and the Powders of other 
| Bodies. 


HE aſhes of wood and ſea-coal are 
frequently mixed with mortar, or uſed 
in the place of ſand, in laying tiled floors, 
and even in external incruſtations. Some 
workmen ſay they are uſed in the former. 
caſe to ſave ſand; others that they ſerve to 
reſiſt moiſture ; and thoſe who ſeem to be the 
beſt informed affirm, that they haſten the 
drying and induration, and prevent the crack- 
ing of mortar which 1s laid very thick in 
order to fill the depreflions of walls which 
are to be ſtuccoed; and that they are uſed in 
finer incruſtations with the ſole view of pre- 
venting cracks. 
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Px aſhes of the fame kind of wood dif- 
fer, according to the circumſtances in which 
they are formed, even upon the ſame hearth, 
not only in colour, but in other particulars 
kliowen to chemiſts, which J ſhall attend to 
preſently. As the ſeparation of theſe diffe- 
rent ſorts of aſhes is not practicable at a mo- 
derate expence, and never is attempted by 
the workmen, I contented myſelf, at firſt, 
with procuring the aſhes of cleft pollards. 
burned on a hearth, and with ſifting the 
whole quantity of them, to free the finer 
part from the fragments and coarſe powder 
of charred wood which formed a great part of 
the bulk of them. The fifted aſhes were grey 
inclining to brown, ſtrongly alkaline to the 
taſte, and viewed through a convex lens, were 
found to contain -a conſiderable quantity of 
fine charcoal-powder, which I eſtimated at 
one ſixth or more of their bulk. | 


To learn the effect of the purer aſhes, or 
of the more dephlogiſticated earthy and fa- 
line parts ſeparated from the charcoal, I took 
about a gallon of the ſifted aſhes, and burn- 
ed them on a teſt in a reverberatory furnace, 


with a heat not exceeding that of a culinary 
8 *S-- fire 
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fite, taking care to accelerate the combuſtion 
of the charcoal powder contained in them 
and render it equable thro' the whole heap, 
by ſtirring it, and preſenting freſh ſurfaces to ; 
the air, until the whole was rendered incom- 

buſtible. After this proceſs, the powder, 

which I ſhall call calcined wood aſhes, was 

rather brown than grey, and retained its fa- 

line taſte. 


Ox trying the ſifted wood aſhes in my beſt 
mortar; and in other mixtures of ſand and lime, 
I found that they gave the cement a ſpongy 
texture, and enabled it to dry without crack- 
ing, when the lime was not uſed in exceſſive 
quantity; but that they prevented it from 
acquiring the hardneſs of mortar made of 
hme and ſand only: ſo that the advantages 
which they promiſed to afford in certain cir- 
cumſtances, appeared to be counterbalanced 
by the permanent weakneſs induced by them; 
which latter effect was the greater as the 


quantity of the aſhes came nearer to > cqual 
that of the lime. 


TRE calcined wood aſhes likewiſe prevent- 
ed the mortar from cracking, without mak- 
ing it ſo ſpongy: but they manifeſtly im- 

peded 
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peded the induration of it, and diſpoſed i it to 


be injured by rain, in the ſame manner as 
ſmall quantities of alkali were found to do. 


ON a ſtrict compariſon, the calcined wood 
aſhes, which we may conſider as aſhes freed 
from charcoal powder, appeared to be much 
more injurious than the uncalcined. This I 
imputed to the greater quantity of alkali in 
the former, which is hurtful in a double ca- 
pacity ; firſt as a ſaline body; and ſecondly 
as a compound which yields its acidulous gas 
to lime, in the inſtant of mixture, and con- 
ſequently impairs the cement. 


MorTaAR made with bad lime in the uſual - 
proportions may nevertheleſs be improved by 
ſifted wood aſhes; for the coal and earthy 
part of theſe, if they were only equivalent 
to ſo much ſand, render it leſs liable to 
crack; and the bad effects of the alkali may 
be greatly overbalanced by this advantage, in 
an incruſtation which is required to be ra- 
ther uniform and ſecure from cracking, than 


hard and durable in the higheſt * 


—— I uus 


| 
| 
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IL uusr not omit this opportunity of ob- 
ſerving that calcined wood aſhes, and even 
the ſifted freſh wood aſhes, improve plaiſter 
of Paris in hardneſs, to a very great degree, 
if it be kept in a dry place. The ſolution 
of this phenomenon 1 is not difficult. 


F4 


0 


Do 


Auer perſon who intends to repeat my ex- 
perimentson calcined wood-aſh es, ou ght to take 
care that they be not calcined with a ſtron- 
ger heat than I deſcribed ; for if he exceeds 
this, the aſhes, after the ſigns of their com- 
buſtion have ceaſed, will ſmoak ſtrongly, a 
part of the faline matter being ſublimed in 
the mean time; and the remaining earthy 
and faline portion will form a light grey or 
brown femivitrified gritty powder, or will 
concrete into lumps. This matter will then 


be found inſipid and equivalent to ſand, in 


mortar, as I have experienced; for it differs 
as much from wood aſhes, as the powder of 
potters-ſtone-ware differs from the raw clay. 


WurrsrT I was employed in theſe experi- 
ments, the following thoughts occurred to 
me. The aſhes uſed by the workmen, being 
paſſed through a coarſe fieve, may conſiſt 
T for 


SV 

for the greater part, of charcoal, which af- 
terwards is beaten finer in making the mor- 
tar: The aſhes uſed by builders whoſe dura- 
ble works authorized this practice, might 
have been the refuſe of manufctories of pot- 
aſh, in which the faline matter is always 
carefully extracted from them; and charedal 
powder or elixated aſhes may greatly improve 
mortar, altho' aſhes finely fifted and replete 
with ſalts ſhould impair it. I therefore boiled 
my calcined wood-afhes in water, and repeated 
this operation twice in freſh water; knowing 
that one elixation does not free the aſhes per- 
fectly from the ſaline matter: I then dried 
the infipid aſhes thoroughly, and uſed them 
in this ſtate, under the name of elixated 
wood-aſhes. At the fame time I provided 
charcoal powder ſifted thro! the fame fieve 
which I uſed for the wood-aſhes. 


AFTER a great number of experiments 
made in the uſual manner with the elixated 
aſhes, I found that they rendered the mor- 
tar ſpongy, diſpoſed it to dry and harden 
quickly, ' and prevented it from cracking, 
more effectually than the like additional quan- 
* of ſand would do it. They did not ap- 
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pear to induce the defects attending enn 
bodies in mortar; they only made it weaker, 
as the quantity of the elixated aſhes was 
greater relatively to that of the ſand or lime. 
This weakneſs, however, was not ſuch as 
the unwaſhed aſhes or ſaline bodies produce, 
but rather of the kind which I pointed out 
in thoſe parts of the foregaing ſections, 
wherein I endeavoured. to ſhew, that cemen- 
tious maſſes reſiſt edged inſtruments or any 
force tending to break them, the more weak- 
ly, as they contain more of the ſofter and 
brittler calcareous matter, or as ſofter grains 


are ſubſtituted far a part of the ſand, 


In every campariſon of the ſpecimens con- 
taining unwaſhed wood-aſhes, with thoſe in 
which the elixated aſhes were mixed in the 
ſame proportions, it clearly appeared that 
the latter are to be preferred; and that nei- 
ther of them ought ever ta exceed half the 
quantity of lime, jn gaod mortar, 


As flint powder and other earthy pow- 
ders were found to diſpoſe mortar to crack, 
J could not conceive how the elixated wood- 
aſhes operated ſo effectually in preventing 

this 
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this defect, until I examined them attentive- 
ly, and found them to differ from the other 
powders in two particulars. Elixated wood- 
aſhes contain very little poder of the fines 
kind ; they feel gritty between the fingers, 
and appear to conſiſt of ragged ſpongy ſmall 
grains compreſſible to a conſiderable degree 
in the heap. How a powder thus condition- 
ed prevents the cracking of mortar or other- 
wiſe improves it; I ſhall attempt to explain, 
after ſtating other facts upon which my no- 
tions of this ſubject are founded. 


|  CHARCoAL powder had the ſame effects as 

elixated wood-athes, with theſe differences on- 
ly, that the cements containing the larger 
quantities of charcoal powder could be more 
eaſily cut, and were of a bluer colour, than 
thoſe containing the like quantities of elixated 
wood aſhes. The powder which I uſed was 
ſifted like the aſhes; and, viewed through a 
microſcope, anſwered to the deſcription lately 
given of clixated aſhes, 


TEE ſkreened aſhes of Newcaſtle coal con- 
fiſt chiefly of charred coal or coak, and as they 


contain Very little ſaline matter, are inſipid. 
M 4 When 


——— 


When I reduced them to Neue and paſs 
ſed them thiro' the ſieve, they anſwered to 
the'deſcription given of elixated wood aſhes, 
and produced nearly the ſame effects in mor- 
tar. They did not weaken it ſo much as 
charcoal powder had done; which I impute 


to the greater hardneſs of the — 1 
of coak, 


Ix all theſe compariſons, it is to be under- 
ſtood that I made them at the ſame periods 
of the induration of the ſeveral ſpecimens, - 


| From theſe experiments I conclude that, 
where a Choice can be made, theſe powders 
are eligible in this order; elixated wood aſhes 
freed from the fineſt powder in waſhing, 
firſt; powdered coak or fea coal cinders, 
next; charcoal powder next; rough wood 
aſhes powdered, laſt : But well burned fine 
unwaſhed wood- aſhes ought not to be uſed at 
all in external cementious work or incruſtation. 


THe laſt of theſe gives a diſagreeable grey 
or duſky colour to the cement; and the 
others, a blueiſh or ſlate colour, ſtill more 
offenſive to the eye; for which reaſon they 

| are 
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As my reader may not fully eta 
m T briefly mentioned concerning the 
ſenſible difference between theſe laſt examin- 
ed powders, and others noticed in the pre- 
ceding ſections, I will thus exemplify my 
notions. Wood conſiſts of watery. and vola - 
tile parts which are expelled by heat, and 
of fixed parts which conſtitute the chareoal : 
and charred wood, which greedily imbibes 
air or water in great quantity, may be con- 
fidered as an aſſemblage of capillary tubes of 
divers figures and ſizes. So we may likewiſe 
conſider the fragments of charcoal, and each 
viſible grain of its powder. But as the mcſt 
brittle bodies are flexible when they are made 
ſufficiently thin, the charcoal powder is an 
aflemblage of ſmall * or compreſſible 
tubulated bodies, 


As the charcoal which is the more fixed 
and folid baſis of wood, is ſpongy after the 


Juices are expelled in charring ; ſo the aſhes 


of charred wood are, after the elixation, 'an 
aſſemblage of ſpongy or tubulated grains out 


are unfit for any work chat i is not t lid bon 


— — —32t—(- — — —— * 


af which thephlogiſtic matter has eſcaped dur- 
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ing the combuſtion : and the texture of theſe 
grains differs from that of the grains of fine 
ſand or of flint powder, in the ſame manner, 
if not in the ſame degree, as the texture of 
ſponge differs from that of a flint. And we 
may conceive the unwaſhed wood aſhes, as a 
heap of ſmall ſpongy bodies clogged with al- 
kaline ſalt, 


| Uron the ſame grounds, the relation of 
coak or ſea-coal-cinders to the raw coal, is 
analogous to that which charcoal bears to 


wood, or ſpongy pumice ſtone to porphyry; 


— = —_— —_— —— 


and transferring theſe obſervations to bones, 
and conſidering the ſmaller veſſels and finer 
texture of them than of wood, we ſhall find 
the powder of charred bones to conſiſt of tu- 
bulated or ſpongy bodies like thoſe of char- 
coal powder, but pervious by ſlenderer and 
harder tubes; and bone-aſh, which is the 
gritty powder of well burnt bones, to have 
the ſame relation to the charred bones, which 
elixated wood-athes have to charcoal powder, 


Tnus I have thought of theſe ſubſtances, 
after having obſerved what happens to them 
in 
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in the preparation; examined them by a mi- 
croſcope ; experienced their effects to be ſo 
different from thoſe of fineſt ſand, or pow- 
- ered ſtones, in mortar ; and finally difcover- 
ed, by repeated experiments, the detail of 
which is not now neceflary, that ſemivitri- 
fication, which deſtroys the ſpongy texture, 
and levigation, which breaks theſe ſpongy 
grains down to the particles of which they 
are conſtrued, render charcoal powder, 


wood-aſhes, powdered ſea-coal-cinders, and 
others of the like kind, incapable of acting 


in the manner deſcribed, in calcareous ce- 
ments. 


ALL theſe things being conſidered, I im- 
pute the effects of theſe aſhes, or powders, 
to the tubulated ſtructure and compreſſibility 
of the integrant -parts of them ; and in the 
next ſection I ſhall offer all that I have at- 


tempred further, theoretically or en, 
relative to this ſubject. 
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Keen, ſpewing the E fees of white and 
grey Bone aſhes, and the Powder of Charred 
Bones; and Theory of the. Agency of theſe in 
the beſt calcareous Cements. 


A, 


ONG tiers I had tried all the powders 

heretofore mentioned, I uſed bone-ath 
in many experiments, and ſaw the effects of 
it in mortar. For the ſake of brevity and 
perſpicuity I reſerved the relation of them 
for this ſection: and in order to ſhew more 
clearly the analogy in texture, between 
bone-aſhes and the powders lately men- 
tioned, and to ſuggeſt the means of pro- 
curing them in any part of this country, 
I will premiſe a ſketch of the moſt pro- 
fitable procefles by which they are prepared, 
at a moderate price not much exceeding that 


of good ſtone-lime, 


[ 13 ]. 


Tas bones collected in great. cities, are 
broken to ſmall fragments in a mill, and boil- 


ed in water, in order to extricate and ſave the 
dil of them. They are then put into a large 
iron ſtill, through an aperture which is ſtop- 
ped up cloſely after the charge is made. The 
ſtill, which opens into an apparatus of re- 
frigeratory veſſels, is heated gradually to red- 
neſs, until all the volatile alkali, commonly 
called ſpirit and ſalt of hartſhorn, is expelled 
from them, together with empyreumatic 
oil, water, and certain elaſtic inviſible fluids : 
The alkali, being the only valuable article 
amongſt theſe, is retained and condenſed in 
the refrigeratory tubes and veſſels with all 
poſſible care, whilſt the elaſtic fluids, leſt 
they ſhould burſt the veſſels, are ſuffered to 
eſcape in places diſtant from the fire or the 
flame of candles, becauſe they are combuſti- 
ble, and if they catch fire whilſt air remains 
in the condenſing veſſels, explode like gun- 
"_ 


Tur bones thus heated without being ex- 
poſed to the air, are charred to blackneſs, 


but ſtill remain combuſtible. When they 
are required in this ſtate; the | iron ſtill is 
kept 
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kept cloſed until they cool, and then the 
blackeſt of them are ground to fine powder, 
which 1s uſed as a ſubſtitute for ivory black, 

which is prepared in the ſame way from 
ivory. The coarſer powder of theſe, is what 
T underſtand by powder of charred bones. 
But when this is not the manufacturer's de- 
fign, the door of the iron ſtill is opened 
whilſt it is hot, and the charred bones, which 
flame and burn when they meet the air, are 
thrown into a kind of kiln, at the bottom 
of which the air can freely enter, and main- 
tain the combuſtion, until the bones are 
burned to whiteneſs, for the greater part. 
The white fragments are picked, and rather 
bruiſed, than ground, to a gritty powder, 
by a millftone which rolls on them vertical- 
ly over an inclined circular plane. This 
powder paſſed thro' a fieve is called bone- 
aſhes, which are much uſed in metallurgy, 
and fitter for our purpoſes in incruſtations, 
than the powder of burned bones ground as 
pigments are. The fragments which have 
not been thoroughly burned in the kiln, form 
a dark grey powder; and mixtures of the 
white and grey burned bones afford bone- 
aſhes of the lighter grey colours. 


- 


THe 
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Tux whole quantity of bone-aſhes, whick 

is to be uſed in the fame incruſtation, ought 

to be well mixed ; for it is impoſſible to fort 

the well burned or the grey bones ſo accu- 

rately as to ſecure an unity of colour in the 

parcels of powder which are ucceffively pre- 

pared, and a very ſmall variation of colour 
will be ſeen in the incruſtation. 


Ms. Jonx OLrvxR of Hoxton, who is a ve- 
ry liberal and ingenious artiſt, prepares bone- 
aſhes, judiciouſly adapted to the purpoſes 
which I am now to mention, at a very low 
price, as well as the coarſer kind which 1s 
uſed in making cupels and teſts by the refin- 
ers. I ſhall diſtinguiſh the former by the 
name of ſorted bone-aſhes ; becauſe they are 
freed from the fineſt and the coarſeſt parts of 
the latter. 


As I knew that bone-aſhes conſiſt chiefly 
of calcareous earth, and may be reduced to 
lime, by diffolving them in acids, precipitat- 
ing the ſolution by alkalies, waſhing the pre- 
cipitate perfectly and then burning it, I tried 
them with ſand in different ways, in order to 
learn how far they reſemble lime in their ce- 

menting 
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vhewding properties; and found that the ſort- 
ed bone-aſhes had very little effect; but that 


compoſitions made with the levigated powder 


of theſe and ſand and water, were nearly e- 
qual in hardneſs to thoſe made with whiting 
and; ſand kneaded with water in the ſame 
proportions, and were not fo liable to crack. 
Hence I inferred that bone-aſhes, of which 
five-fixths are calcareous earth, could not im- 
prove mortar by any augmentation of the ce- 
menting powers of the lime, although they 
might be uſeful in other reſpects, and that 
they could not ſupply the deteſt of lime in 
he or quality. | 


In the courſe of two years I made ſo ma- 
ny experiments with bone-aſhes mixed in 
mortar compoſed of lime ſand and lime wa- 
ter, in different proportions, and of theſe with 
divers other ingredients, that I may venture 
to ſay I attained a thorough knowledge of 
their effects, and need not heſitate to relate 
them 1n the ſtyle of * ©: 


Tar forted NECES mixed with mortar 
in any quantity not exceeding that of the 


lime, diſpoſe the cement to ſet ſpeedily with- 


out 


; [T * _ 1 

out cracking; and: eſfectually ſecure it Giga 
cracking, if it does not contain lime inzfu- 
perfluous quantity: They likewiſe give a 
texture which, is the more ſpongy as, the 
quantity of the bone: aſſies is greater; and 
they accelerate the induration df * . 
the whale mad. rods by oft od 150m 
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Tur a 5 ts the plaſti- 
eity of freſh mortar which is made ;with-the: 
ſmaller quantities of lime in order to ſecurt 
the work from fiſſures; and thus they are 
uſeful in a triple view, in external incruſtati- 
ons; by facilitating the operation of plaiſ- 
tering, by preventing cracks, and by bring- 
ing the incruſtation quickly to a ſtate in 
which it is not me ee " nen 
rain. 1 
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War the ſorted PI odd ahs 
lime in quantity, they ſenſibly injure the ce- 
ment, by rendering it weaker. How theſe 
aſhes, which are not equivalent to ſand in 
the hardneſs of their gtains, nor to lime in 
their cementing powers, operate to weaken 
the cement, may eaſily be conceived, in con- 
I N ſeguence 


il i278 )] | 
8 af the i obſervations made in the 


_— -owelfth. and thirteenth ſections. 1961 
S ig Ain dT: ine  euouttio>7 . 
Warn the Norwdrbeed-athes are mixed ini 
mortar in the quantity of one-fourth of the 
Ie, they improve the plaſticity, if the 
mortar be ſhort, and they produce the deſire- 
able effects above mentioned in a ſenſible de- 
gree, without weakening the cement in the 
fame proportion. As a fmaller quantity of 
them ſeems to be uſrleſs, and a greater 
quantity than tliat of the lime 8 the 
| re ele * 


* 
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— th * is more eee to ſe- 
cure an incruſtation from the effects of hot 
weather, to finiſh it quickly, to hide the traces 
of brick-work which are apt to appear thro? 
it, and to guard it againſt rain, than to make 
1 hard and dutable in the higheſt degree 
he is to uſe as much of ſorted — * as 
of lime: When the ſeaſon, expoſure, and 
other circumſtances permit him to attend 
ſolely to the true excellence and duration of 
his work, he is to uſe, in our beſt calcareous 
cement, only one part of the ſorted bone- 
aſhes for every four parts of lime. By theſe 


rules 
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rüles he may chuſe intermediats nan 
ee condi 1 e t 
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Tus We ak, allies uſed; in ig 
r and. teſts, do not go ſo far, ſo the 
workmen expreſs themſelves, or do not ope- 
rate ſo effecthaily, as the ſorted afhes,' in 
equal quantities of them by welght ;. anil 
iner or levigated bone- aſhes are rather ver 

rious than uſeful in the 3 ll 
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Tus black ddteder of it hand, 20088 I 
grey bone-aſhes have nearly the ſame «ffe@s 


as ſorted bane-afſhes/ have, when, the powder 
of them is ſorted in the fame manner; ex- 
cepting what relates to cappur- ; 
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3 a Wok on F were 
made before the expiration of 1777, on 
ſpecimens of mortar laid on tiles, and ſmall 
pieces of incruſtation made on the walls of 
my houſe and on the fence-walls. behind it : 
But they were not thoroughly confirmed un- 

til a compariſon was made between large an- 
cruſtations laid in trying aſpects and con- 

taining bone-aſhes, with thoſe made aloſe by 

. them of my beſt mortar, in the year 1778 
N 2 when 
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4 Ward che ſorted badd-othes: are mixed in 
Mortar in the quantity of one- fourth of the 
lime, they improve che plaſticity, if the 
mortar be ſhort, and they produce the deſire- 
able effects above mentioned in a ſenſible de- 
gree, without weakening the cement in the 
fame proportion. As @ ſmaller quantity of 
them | ſeems to be uſrleſs, and à greater 
quantity than tliat of the lime i r the 
EY rules are be 3 0 
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Wurm the artiſt is more — to * 
cure an incruſtation from the effects of hot 
weather, to finiſh it quickly, to hide the traces 
of brick-work which are apt to appear thro* 
it, and to guard it againſt rain, than to make 
bad and dutable in the higheſt degree ; 
he is to uſe; as much of ſorted bone · aſhes as 
of lime: When the ſeaſon, expoſure, and 
other circumſtances permit him to attend 
ſolely to the true excellence and duration of 
his work, he is to uſe, in our beſt calcareous 
cement, only one part of the ſorted bone- 
aſhes for every four parts of lime. By theſe 
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equal quantities) of them. by welght ; anf 
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as ſorted bone - aſhes have, when the powder 
of them is ſorted in the ſame manner 3 ex- 
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5 We e 3 3 were 


made before the expiration of 1777, on 
ſpecimens of mortar laid on tiles, and ſthall 
pieces of incruſtation made on the walls of 


my. houſe and on the fence-walls. behind it 
But they were not thoroughly confirmed un- 


til a compariſon was made between large an- 
cruſtations laid in 5 trying aſpects [and Don-; 
taining bone-aſhes, with thoſe made aloſe by 
them of my beſt mortar, in the year 17783 

N 2 when 
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When 1 diſcbvered the difficulty — 
in the fourteenth ſection of making exten- 
five incruſtations, in certain circumſtances, 
ſo free from defects, as the ſmaller ones 
were — — eg: cet 

OX 10 Gil b 1 ö 1413 11 * {4 »HATOY: 
1 5 this kbatentionad year: I is fanned 
by Mr. James Wyatt of Queen - Ann: ſtreet 
Cavendiffi- ſquare, the celebtated architect of 
the Pantheon, and by his brother Samuel 
Wyatt of Berwick-ſtreet, who is a very emi- 
nent builder, with the beſt opportunities of 
making theſe compariſons: for they ordered 
the '/plaiſterers employed under them to ap- 
ply my compoſitions in a workman- like man- 
ner, in different aſpects and in large quantity, 
and thus enabled me to Judge * of the 
merits of them. 
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12 By 1 a of borie-aſhes to cinders 
or aſhes of other bodies, by the effects of 
them in my experiments, and by the obſer- 
vations which I have made on capital houſes 
and garden walls which have been fronted 
ot entirely ſtuccoed with my cement, ſome in 
the months of October November and De- 
cember in the year 1778, others in the 
| | Spring, 


U 4 1 
Spring, tlie hotteſt weather, and the Au- 
tumn of 1779 1 have been led into the 
following opinions concerning the agency of 
e in eee rags at 


| Tun mine which contains up atinn 
partakes in ſome degree of the compreſſibi- 
lity and ſpongineſs of their grains, and is 
the leſs liable to crack in ſetting, for the ſame 
reaſon that ſpongineſs is, in any other body, 
an effectual preventative of fiſſures in drying ; 
or becauſe, any contraction of the lime paſte, 
in conſequence of the exhalation of its wa- 
ter, is confined. to the circuit, of the ſpongy 
grains compreſſed in beating trawelling and 
floating the cement; and is thereby prevent- 
ed from running longitudinally to form fiſ- 
ſures, The ſame texture of bone - aſhes con- 
tributes to this effect, or cauſes it, upon other 
principles which are leſs exceptionahle, 
There is no reaſon to doubt that bone-aſhes, 
whoſe grains are tuhulated in all poſſible di- 
rections, which greedjly jmbibe water and 
emit air, and which render the mortar in 
which they are mixed manifeſtly bibulous, 
facilitate the entry of acidulous -gas into the 
cement ; and that this matter entering as faſt 
N 3 as 
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as the water exhiles;/ occupies the place of 
the water in the cerbecht, and by preventing 
the contraction of it, prevents fiſſures. The 
ſpeedy induratien of the cement, which im- 
plies a quick or copious acceſſion of acidu- | 
lous gas, acèording to our experience, is a 
2 of this agency of hone- aſhes, as well 
an effect dedueible from their textute: 

A* from theſe premiſes we may eaſtly con- 
ceive how they accelerate the ſetting of eal- 
careous incruſtations, and tend ta feeure them 
a * the har ar ef ane weather. 


Tuns properties of Wolle, ulles endet 
Te peculiarly uſeful 1 in incruſtations mate 
within doors on prineipal walls; and the ad- 
mixture of them 1 m half the quantity « of the 
tme, or in a greater quantity, is the 1 improve- 
ment which F pointed out in the twentieth 
ſection, whereby the damp, which disfigures 
the common incruſtations made in the eir- 
cumſtances there deſcribed, may be obviated, 
without our ineurring the . of lath- 
work. +19; Sts 1 


Tnosk who know that one · ſixth part of 
charred bones, or about one-tenth part of 
well 


[ 183 } - 
well burned bones; is phoſphoric acid, may 
have ſome doubt concerning the duration of 
2 cement in Which they are mixed in large 
quantity, unleſs they conſider that the 
ſtrength of the cement does not depend on 
them, and that it is impoſſible for the phoſ- 
phoric acid to quit the lime of bone-aſhes, in 
order to diſſolve the ſaturated lime of the 
cement. Tho the bone · aſnes ſhould periſh in 
a century, which 15 not probable, the ce: 
ment is not likely to fail on this account, 
provided the quantity of them is not erl. 
five. 


Tus I ſurmounted the difficulties menti- 
oped in the fourteenth ſection, and made my 
beſt calcareous cement applicable in all cer 
mentitious and cruſtaceous works external or 
internal, without inducing in it any diſagree- 
able colour or other imperfection. 


— 
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| The 2 W in eee of. Letters 


"Patent, frayed myth N. 


J { 1 1 3 5 i 
N order to . 0 abuſes, n to 
make ſome compenſation for the expences 


and riſques of the artiſts who publicly and 


= 
* a *® \ . 


boldly executed, on the great ſcale, what 1 
had deſigned ; I ſecured an excluſive right in 
my cement, by virtue of his majeſty's let- 


ters patent, on the eighth of January 1 779: 


I authorized Mr. James Wyatt the architect 
of Queen- Ann: ſtreet Cavendiſh-Square, to 
uſe it in the fulleſt extent, knowing that he, 
by his knowledge of this ſubject and his 
diſtinguiſhed taſte in architecture, will unite 


in it all the advantages of duration and ele- 


gance; Ilikewiſe extended this right to Samuel 


Wyatt the builder in Berwick-ſtreet Soho, 
who is well inſtructed, and provided with 
the means of executing any work with this 
cement, in the higheſt perfection: And I 
intend to reſerve this priviledge to them, un- 

+ 5 til 


* — — 
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| 
| 
| 
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tt the public” convenience requires that it 


ſhould be extended to others, 'who are capa- 


ble of making the fame diſpoſitions for the 
benefit of their employers, and for preſerving 
the reputation of my invention free from the 


uſual exactions of W aaron: r ws abuſes 
of ma. ce FE SFLOTP) 2 


As dhe Seeitellen of wess letters . 
tent comprehends the moſt uſeful practical 
inſtructions deduced from the foregoing ex- 


periments and: obſervations, and may ſerve 
as a conciſe recapitulation, 1 ſubjoin a tranſs 
Ei of it. 


To all to whom theſe preſents ſhall come &c. 


cc 


66 by declare that my invention of a water 


cc 


cc 


1 


2 This is commonly called pit-ſand. 


*© Now know ye that in compliance with 


the ſaid proviſoe, I the ſaid B. H. do here- 


cement or ſtueco,.for building repairing and 
plaſtering walls, and for other purpoſes, is 


| deſcribed in the manner following (that 1s 


to ſay) drift ſand, or quarry ſand, which 


« conſifts 
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4 conſiſts chiefly of hard quartaſe flat faced” 
« grains with ſharp. angles; which is the 
«+ Keel, or may be moſt eaſily freed. by 
0 waſhing, from clay, falts, and calcareous 
„ gypſcous or other grains leſs hard and 
«« {malleſt quantity of pyrites or heavy me- 
* tallic matter inſeparable by waſhing ; and 
« which: ſuffers the ſmalleſt: diminution of 
„its bulk in waſhing in the following 
manner, is to be preferred before any 
other. And where a coarſe and a fine 
« fand of this kind, and correſponding in 
the ſize of their grains with the coarſe 
« and fine ſands hereafter deſcribed, cannot 
«© be eafily procured, let ſuch ſand of the 
& foregoing quality be choſen, as may be 
** forted and cleanſed in the following 


„manner. 


Leer the ſand be ſifted in ſtreaming 
clear water, through a fieve which fhalt 
$6 give paſſage to all ſuch w_ as do * 


= Td ene dans us of thi: 


; 3 Tus reaſons of this preference are als in the dee, 


1 ſixteenth, nineteenth, and twentieth ſections. 7 
N 4 « exceed 


u 
1 exceed one ſiuteenth of an inch in diaz 
„meter; and let the ſtream of water and 
+5. the ſrfting be regulated ſo thar all. the ſand 
p< which is much finer than the Lynn - ſand 
4 commonly uſed in the London glaſs- houſes, 
160 together with clay and every other matter 


50 ſpecifically lighter than fand may be waſhed! 
purer and 


away with the ſtream, whilſt the 
*« coarſer ſand, which paſſes thro? the ſieve, 
s fubſideg in u convenient receptacle, and 
* whilſt the coarſe rubbiſh and ſhingles re- 
main on the ſieye, to be * | 


% LET the fand which thus ſubfides 1 in 
the receptacle, he waſhed in clean ſtream- 
ing water, through a finer ſieve, ſo as to 
be further cleanſed and ſorted into two 
«© parcels; a coarſer, which will remain in 
the fieve which is to give paſſage to ſuch 
« grains of ſand only as are leſs than one 
„ thirtieth of an inch in diameter, and 
% which is to be ſaved apart under the namc 


Tux grounds of this treatment appear in the wrelfth arg 
thirteenth ſection. 


I find that I have uſed this word improperly, on bad autho- 
thority. The reader is requeſted to read rubble inſtead of ſhingle 
throughout rhis ſpecification. 


* of 


— 


{a 1 
2 of coarſe ſand 30 and a ſiner, w hich will | 


'F en the fieve and ſubũde in the 


4% vater, and which is to be ſaved apart 
. under, the name of fine ſand. —Le et the 
* .coarſe and the fine ſand be Ard o- 
*. rately, either in the ſan; or on a clean iron 
plate ſet an à convenient e in the 
1. manner of 23. ſand heax?, [+ ü 


= , 


U Lav aa * choſeu” db; 18 1 ms, 


6 + which heats = moſt in flaking, and flakes 
the 


* Taz ſand 2 to 400 ſtirred up continually until it is dried, 
and is then to be taken off; for otherwiſe the evaporation will 
be yery flow, and the ſand which lies x next the iron plate, by 
being overheated, w all be diſcoloured. 


» 3 

7 Tus, grounds of the ;nſiruftions comprized | in this par- 
graph, appear in the ſecond, fourth, fifth and eleventh 
ſections. The preference given to ſtone lime is founded on the 
preſent practice in the burning of lime, and on the cloſer texture 
of it, which prevents it from being ſo ſoon injured by expoſure 
to 3 air, as the more ſpongy chalk lime is; not on the por 
pular notion that ſtone lime has ſomething in it whereby i it ex- 


cels the beſt chalk in the cementing properties. The real dif- 
ference between theſe will be ſhewen in the next ſection. 


Tux gypſum contained in lime ſtone remains unaltered or very 
lietle altered in the lime, after the burning; but it is not to be 
expected that clay or martial matter ſhould be found i in their 
native ſtate, in well burned lime; for they concrete or vitriſie 
with a * of the calcareous earth, and canſtitute the bard 


grains 


„ 

© the quickeſt when duly watered; ' which 
Ce Is the freſheſt made and cloſeſt kept p 
„ which diflolves in diſtilled vinegar with 
„ the leaſt efferveſcence; ” and leaves the 
e ſmalleſt reſidue infoluble, and in this re- 
«6: due the ſmalleſt . of N 2 gypſurt 

2 7 or martial matter. hit nen | 


Lr the Ine habe according to hee 
important rules, be put in a braſs-wired 
4 ſieve to the quantity of fourteen pounds, 
« Let the ſieve be finer than either of the 
„ foregoing; the finer, the better it will be: 
Let the lime be ſlaked” by plunging: it in 

ets „„ 9647 +efoofant {BITE 


grains or lumps, which remain undiſſolved in weak acids, or 
are ſeperable from the flaked lime by "Og it —— 
through a heve. ; 


Tuts model of i impregnating the water 1 lime is not 
the only one which may be adopted. It is however preferred 
before others, becauſe the water clears the ſooner in con- 
ſequence- of its being ; warmed by the flaking lime, and the 
gypſeous part of the lime does not diffuſe itſelf in the water ſo 
freely in this way, as it does when the lime is ſlaked to fine 
powder in the common method and is then blended with the 
water ; for the gypſeous part of the lime flakes, at firſt, into 
grains, rather than into fine powder, and will remain on the 
fieve, after the pure lime has paſſed through, long enough to admit 
of the intended ſeparation ; but when the lime is otherwiſe flaked, 
the BY pſcous- grains have time to flake to a finer powder, and 


paſſing 


e lime which does not eaſily paſs through the 
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6. A buttifilled-with Gf water and, railing it 
0% nt quickly and ſuffering it to heat and 


* fume, and by repeating this plunging and 


% raifing altornately and agitating the lime, 
<< until ĩt be made to | paſs through the ſieve 
into the water 3 and let the part of the 


<< fieve be rejected: and let freſh portions of 
o the lime be thus uſed, until as many 
* ounces of lime have ae through tlie 


Let the water thus impregnated ſtand in tlie 
< butt cloſely covered · until it becomes clear; 
<< and through wooden cocks placed at dif- 


< ferentheights in the butt, let the clear liquor 


paſſing through the ſieve, diſſolve in the water along with the 
lime. I have imagined that other advantages attended this 
method of preparing the lime water, but I cannot yet fpeak of 


them with preciſion. 


eb en e n 400 e 
found in rivet or rain water, » Guy gar of this dune of 
lime, or lefs, will be ſufficient. 


1 Tun lenses cruſt which forms on the 3 Toy the 
water ought not to be broke, for it aſſiſts in excluding the air 
and preventiag the abſorption of acidulous gas * the lime 
water 1s ſpoiled. | 


- 2* Braſs cocks are apt to colour a part 5 the liquor. 
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sabe dran off zs faſt and As low as dhe 
lime 'fubſides, fur uſe. This clear liquor Þ 
call the cenienting liquor . The freer;the 
471 water is from ſaline matter, the bester wilt 
at the . quor made with ir. by 
7 4 Ti 1:1 eat] 2 
6 „Har ap Gncamtinds! 'of tha! aforeſki 

« « ants lime be ſlaked, by gradually ſprinkl- 
* ing on it, and eſpecially on the unſlaked 
+ pieces, the cementing liquory'in a cloſe '+ 
clean er Kor the ſlaked part be im-' 
| e mediately 


* Lime water cannot de kept many days unimpaired, in 
any veſſels that ate not perfectly air-light. If the liquor bo 
drawn off before it clears, it will contain whiting, which; is in- 
Jurious ; and if it be not inſtantly uſed; after ĩt is drawn mf, 
from the butt into open veſſels, it will grow, turbid again, aud - 
depofite the ime changed to whiting'by the gas abſorbed from 

the air. The calcareous matter which ſubſides in the butt, 
reſembles whiting the more nearly, as the lime has been mite 
ſparingly employed; in the contrary circumſtances, it approaches , 

to the nature of lime; and in the intermediate ſtate, it is fit 
tor the common compoſition of the plaiſterers for inſide ſtucco. 


"3 Ar the time of writing this ſpecification I preferred | 
this term before that of * on —_— which I _ | 
not ſufficiently examined. 


% 


Tux vapour which ariſes in 'the faking of the lime con- 

tributes greatly to the ſlaking of theſe pieces which lie in ies 
way; and an unneceffary wee of ti liquor is prev 
| in a por in a veſſel wh 


applying it to the lime hea 


re ſtrn 


- TW 3 
<:'fnediately-* lifted through the laſt mens 


_ © noned fine braſi-wired fieve:- Let the lime 
«which -paſſes be uſed: inſtantly or kept in 
s. air-tight veflels; and let the part of the lime 
« which does not paſs:through:the ſieve, be- 
rejected. This finer richer part of the 
+: lime. which paſſes through the nns call 
mende b Aal d aui 
$333 ft} 440 Les 3 


Lr bogevaſh be 3 7 in FR = wn 
<, rhanner by. grinding the whiteſt burnt⸗ 
© bones, but let it be ſifted to be much finer 


<2 
+ » 


reſtrain the iſſue of the vapour, and direct ir through the mats, 
If more of the kquor be uſed than is neceffary to flake the 
lime; it will create error in weighing the flaked powder, and 
will prevent a part of it from paſſing freely through the ſieve. 
The liquid is therefore to be uſed ſparingly, and the lime which 
his l its beret is to be — * with PIE 


is Wann Sis: 00 lampe of lime is thas 
broken, it is impared much ſooner than it is/in the former ſtate, 
becauſe the air. more * | N ſhewa in the 


BF Aus E it conſiſts of heterogeneous matter, or of ill 
burnt. lime; which laſt will flake and. paſs through the fleve, 
if the lime be not immediately ſifted after the flaking, agreea - 
ble to the text. The denen * this _— be ___ from * 


un *_ art is taught in the twenty. ſecond ſection. 


* «© than 


* 
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a FRY the bone-ath . Ald * 
be | making ka | 


<6 Tun moſt eligible Materials * making 
& my cement being thus prepared: Take 


fifty-ſix pounds of the eoarſe ſand and ; 


1% forty-two pounds of the fine ſand; mix 
„ them on a large plank of hard wood 
placed horizontally ; then ſpread the ſand 
&. ſo that it may ſtand to the height of fix 


0 inches with a flat ſurface on the plank; 


„vet it with the cementing liquor 3 and let 
% any ſuperfluous quantity of the liquor, 
de which the ſand in the condition deſeribed 
„ cannot retain, flow away off the plank. 
© To the wetted ſand add fourteen pounds 
„ of the purified lime in ſeveral ſucceſſive 
6 portions, mixing and beating them up toge- 
et ther in the mean time with the inſtruments 
« generally uſed in making fine mortar : 
« then add fourteen pounds of the bone-aſh 


ein ſucceflive portions, mixing and beating 


66" 4 topether. The quicker and the more 
*. perfectly theſe materials are mixed and 
+ beaten together, and the ſooner the ce- 
38 Tus grounds of this practice are ſhewn in the twelfth ſec- 
£1004 

1 «© ment 


_ r .  o_—_ —_——_—_— — 


. 


{ ! 
ment tkus kortned fs ay the bettet I 
will be. This I call the water cement 


coarſe grained, which is to be applied in 


building, pointing, plaiftering, ſtuccoing, 
or other work, as mortat and ſtuteo now 
are ; with this difference chiefly, that as 
this cement is ſhorter than mortar or com- 
mon ſtucco and dries ſooner, it ought to 
be worked expeditiouſly in all caſes, and 
in ſtuccoing i it ought to be laid on by flid- 
ing the trowel upwatds on it; that the 
materials uſed along with this cement 


in building, or the ground on which it is 
to be laid in ſtuccoing, ought to be well 


wetted with the cementin g liquor, in 


' THESE proportions are s for a cement made wich- 


ſharp ſand, for incruſtation in expoſed ſituations, where it is 
neceſſary to guard againſt the effects of hot weather and rain, 
In general half this quantity of bone-aſhes will be found ſuf- 
Kcient;z and altho the incruſtation in this latter caſe will not 
harden. deeply fo foon, it will be ultimately ſtronger provided 
the weather be favourable. 


rut injuries which lime and mortar ſuſtain, by'expoſure 


to the air, before the cement is. finally placed in a quieſcent 


ſtate, appear in many parts of the foregoing pages ; and there · 
fore our cement is the wotſe for being long beaten,” but the bet - 


ter as it Is quickly beaten untill the mixture is effected, and no 
longer. 


Sr Lechion vii, and page 7 f. 


& the 


f "96 1 
the inſtant of laying on the cement; atid 
46 that the cementing liquor 1 18 to be uſed when 
« it is neceflary to moiſten the cement, or 
a when a liquid is required to facilitate the 


floating of the cement. 


6 Wax ſuch cement is required to be 
of a finer texture ; take ninety- eight pounds 
of the fine ſand, wet it with the cementing 
liquor and mix it with the purified lime 
and the bone-aſh in the quantities and in 
the manner above deſcribed, with this 
difference only, that fifteen pounds of 
lime, or* thereabouts, are to be uſed inſtead 
<« of fourteen pounds, if the greater part of 
the ſand be as fine as Lynn ſand. This I 
call water cement fine grained. It is to 
£1 % be uſed i in giving the laſt coating or the fi- 
e niſh to any work intended to imitate the 
1 finer grained ſtones or ſtucco. But it may 
«+ be applied to all the uſes of the water ce- 
% ment coarſe grained, and in the ſame 
manner. . 1 


* SEE ſection xii, The quantity of bone · aſhes is not to 
be increaſed with that of the lime, for the reaſon given in page 


1763 but it is to be leſſened as the expoſure and purpoſes of 
the work will admit. See ſection xxii. 
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Tus outlines of theſe arts are given in ſection xx. 


- 
* 
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ty-fix pounds, of the foregoing coarſe fand 


| —* 3 leſs line 3 is neceſſary as the fand is coarſer. 
Section xii. and xiii. 


bs Wann for ally of the foregoing put- 
poſes of pointing, building, Sc. ſuch a 
cement is required much cheaper and 
coarſer grained, then, much coarſer clean 
ſand than the foregoing coarſe ſand, or well 


. waſhed, fine ſhingle is to be provided. 


Of this coarſeſt ſand or ſhingle take fif- 


twenty-eight pounds and of the fine fand 
fourteen pounds ; and after mixing theſe 
and wetting them with the cementing li- 
quor in the foregoing manner, add 14 
pounds, or ſomewhat leſs, of the * puri- 
fied lime, and then fourteen pounds or 


ſomewhat leſs of the bone-aſh, mixing 


them together in the manner already de- 
ſcribed. When my cement is required 
to be white, white ſand, white lime, and 
the whiteſt bone-aſh are to be choſen. 
Grey ſand and grey bone-aſh formed of 

half burnt bones, are to be choſen to make 
the cement grey; and any other colour. 


2 R * 


« of 


1 97 J 
« of the cement is obtained, either by chuſ- 


« ing coloured ſand, or by the admixture of 
« the, neceffary quantity of coloured talc in 
«6 powder, or of coloured vit reous ar metal- 
& lic powders, or other durable i colouring 
ingredients commonly uſed i in paint. 


« To the end that ſuch a water cement 
as I have deſcribed may be made as uſe- 
ful as is poffible in all circumſtances ; and 
that no perſon may imagine that my 
claim and right under theſe Letters Pa- 
tent may be eluded by divers variations 
which may be made in the foregoing pro- 
ceſs without producing any notable de- 
+ fect in the cement; and to the end that 
e the principles of this art as well as the art 
« itſelf of making my cement, may be ga- 
„ thered from this ſpecification and perpe- 
e tuated to the public, I ſhall add the fol- 


a lowing obſervations, 


25 Taz known chemical properties of the ſeveral finer in- 
gredients uſed in paint or water colouring, and the experienced 
effects of the materials mentioned in the fifteenth, fixteenth; 
| ſeventeenth, eighteenth, nineteenth and twentieth ſections, 
are ſufficient to direct the artiſt in the choice of thoſe things 
which will induce colour, with the ſmalleſt injury to the 


6 Tx1js 


1498 J 
0 Tus my water cement, whether the 
% coarſe or fine grained, is applicable in 
40 forming artificial ſtone, by making alter- 
e nate layers of the cement and of flint, hard 
4 ſtone, or brick, in moulds of the figure 
&* of the intended ſtone, and by expoſing the 


« maſſes fo formed, to the open air to 
* harden. | 


1 


= 14 Wurx ſuch cement is required for 
ox water* 4 fences, two thirds of the preſcribed 


Bur they muſt not be expoſed to the rain, until they 
ue almoſt as ſtrong as freſh Portland ſtone; and even then 
they ought to be ſheltered from it, as much as the circum- 
ſtances will admit. See pages 68, 69, 114. Theſe tones 
may be made very hard and beautiful, with a ſmall Expence 
of bone-aſh, by ſoaking them, after they have dried thorough- 
ly and hardened, in the lime-liquor, and repeating this pro- 
ceſs twice or thrice, at diſtant intervals of time. The like 
effect was experienced in incruſtations, and is mentioned in 


Page 114. 


*7 To what I have ſaid on this ſubjeft in page 124, T muſt 
n that, in my experiments, mortar made with terras powder, 
in the uſual method, does not appear to form fo ſtrong a ce- 
ment for water fences, as that made according to the fſpe- 
cification, with coarſe ſand; and I ſee no more reaſon for 
avaiding the uſe of ſand in terras moftar, than there would be 
for rejeting ſtone from the embankment. The bone-aſhes 
meant in this place are the dark grey or black fort. I am not 
yet fully ſatisfied about the operation of them in this in- 
ſtance, | 


quantity 


| wg ] 
quantity of bone aſhes are ta be GY 
and in the place thereof an equal meaſure 
« of powdered. terras is to be uſed; and if 
the ſand employed be not of the coarſeſt 
«*« ſort, more terras muſt be added, fo that 
the terras ſhall be by weight one ſixth part 
aof the weight of the fand. 


© Warn ſuch a cement is required of the 
*+ fineſt grain or in a fluid form, fo that 
40 it may be applied with a bruſh, flint pow - 
40 der, or the powder of any quartoſe or hard 
<< earthy ſubſtance may be uſed in the place 
of ſand, but in a quantity ſmaller as the 
« flint or other powder is figer ; ſo that tho 


1 


TE qualities and ufes of ſuch fine calcareous cement are ſet 
forth in the thirteenth and twentieth ſections. They are recorpy 
mended chiefly for the purpoſe of ſmoothing and finiſhing the 
ſtronger cruſtaceous works, or for waſhing walls to a lively 
and uniform colour. For this laſt intention, the mixture muſt | 
be as thin as new cream, and laid aon briſkly with s bruſh, in 
dry weather; and a thick and durable coat is to be made by. 
repeated waſhing, but is not to be attempted by ufing a thicker 
liquor ; for the coat made with this laſt is apt to ſcale, whilſt 
the former endures the weather much longer than any other 
thin calcareous covering that has been applied in this way. 
Fine yellow ochre is the cheapeſt colouring ingredient far ſuch 
2 waſh, when it is required to imitate — ſtone, or the warm- 


whies Bancs, 


04 “ flint 
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ve Aint 25 or other ſuch powder halt not 3 
than fix times the weight of the 
4 lime, nor leſs than four times its weight. 
50 The greater the quantity of lime within 
5 theſe limits, the more will the cement be 
« liable to crack by quick drying, and vice 


3 verſa. 


© WIERE ſuch ſand as'] prefer cannot be 
conveniently procured, or where ſand ean- 
not be conveniently waſhed and ſorted, 
that ſand which moſt reſembles the mix- 
ture of coarſe and fine ſand above pre- 
ſcribed, may be uſed as I have directed, 
4 provided due attention is paid to the quan- 
* tity of the lime, which is to be the 


66 greater 29 as the ſand 1 18 Sb finer and vice 
66 verſa, rh 


C Warn ſand cannot be eaſily pro- 
“ cured, any durable ſtoney-body, or baked 
6 earth grolly powdered” and ſorted nearly 

to 


Ce FURTHER inſtructions may be gathered from the thir- 
teenth ſection. If fea ſand be well waſhed i in freſh water, it ly 
as good as any other round ſand, M 


20 Taz cement made with theſe and the proper quantitie 


of purified lime and lime-water, are inferior to the beſt, as 


the 


20 'S 

ts "the ſizes above preſcribed for ſand, may 
| «© he uſed in the place of ſand, meaſure for 
<< meaſure, but not weight for weight, un- 
„ lefs ſuch groſs powder be as une _ 
& n as land, 


* Sap may be cleanſed from every ſofter 
lighter and leſs durable matter and from 
++ that part of the ſand which is too fine, by 
* various methods preferable in cer tain 
% circumſtances, to that which I have de- 


66 2 


6 


Py 


1 Wain 1 tain 1 free * 
4 fixable gas ſelenite or clay: ſuch water may, 
4 without any notable inconvenience, be uſed 
* in the place of the cementing liquor; and 
„water approaching this ſtate will not re- 
0 quire ſo much lime as I have ordered, to 


Ai unebenen them 
thoſe of ſand. They will not therefore be employed, unleſs 
for the ſake of evaſion, or for want of ſand ; in this latter caſe 


the finer powder ought to be waſhed away, 


2 Tuts and the next paragraph is inſerted with a view to 
evaſions, as well as to ſuggeſt the eafier and cheaper methods 
which may be adopted in certain circumſtances, by artiſts who 
underſtand the principles which I have endeavoured to teach. 


6 make 
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% make the cementing liquot; and a coment- 
% ing liquor ſufficienthy uſeful may be made 
by various methods of mixing lime and 
„ water in the deſeribed deen, or 
4 nearly ſo. Lt en vileal 


322113 


„War ſtone lime cannot be procured, 
„ chalk lime or ſhell lime which heſt re- 
* ſembles ſtone lime, in the characters above 
« written of lime, may be uſed in the manner 
<6 deſcribed; except that fourteen pounds 
«< and a half of chalk lime will be required in 
t the place of fourteen pounds of ſtone lime. 
* The proportion of lime which L have pre- 
« ſeribed above may be encreaſed without 
% inconvenience, when the cement or ſtuceo 
66 is to be applied where it is not liable to 
dry quiekly; and in the contrary eireum- 
'$ ſtance this proportion may be diminiſhed 3 
« and the defect of lime in quantity or 
„quality may be very advantageouſly ſup» 


32 Tuts relates to chalk lime burned with a ſufigievt quan- 
tity of fuel in kilns of the common conſtruction. * Ehalk lime 
prepared as I ſhall ſhew in mrs. 288 
ſtone lime, if not fart her. F | 


1 plied 
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4 plied v, by cauſing a conſiderable quantity 
ce of the cementing liquor to ſoak into the 
« work, in ſucceflive portions and at diſtant 
intervals of time, ſo that the calcareous 
matter of the cementing liquor, and the 


matter attracted from the open air, may 
fill and ſtrengthen the work. 


6 6 


* 7 
4 


£4 


« Tk powder of almoſt every well 
% dried or burnt animal ſubſtance may be 
r uſed inſtead of bone-aſh; and ſeveral 
« earthy powders, eſpecially the micaceous 
„and the metallic; and the elixated aſhes 
«© of divers vegetables whofe earth will not 
* burn to lime ; and the aſhes of mineral 
«© fuel, which are of the calcareous kind, but 
„ will not burn to lime; will anfwer the-ends 
* of bone-aſh | in ſome degree. 


3 


33 Tas practice is noticed, as the remedy which may be 
uſed for the defects ariſing from evaſive meafures, and as the 
—_—_ giving ſpongy incruſtations containing bone · aſhes, 
he greateſt degree of hardneſs. 


34 The uſeful ſubſtitutes for bone-aſhes, have been treated 
of in the foregoing ſections: the metallic micaceous and earthy 
powders are not recommended in the text, but only enume- 
rated for reaſons which influenced the ſtyle of this n 
and which lawyers will perceive, 


% The 
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379% Tur quantity of bone aſl deſcribed may 
«, 4 be leſſened without injuring t the cement, in 
4 thoſe circumſtances eſpecially which ad- 
mit the quantity of lime to be leflencd, and 
« in thoſe wherein the cement is not liable 
to dry quickly. And the art of remedying 
4 the defects of lime may be advantageouſly 
4 practiſed to ſupply the deficiency of bone- 


„ aſh, eſpecially 1 in building and 1 in making 


4 anfcial Are with this cement, 


* ' 
ai; 4 


6 N. B. Fe ar inſde ds the 8 
4 of hair with this cement is uſe ful. 


| 40 * witneſs whereaf I the * B. HI. Kc, 


Tur * of my cement depands 


firſt, on the, figure ſize and purity of the 


ſand; ſecondly on the purity. of the lime, 
obtained in the choice of lime-ſtone, and i in 


the perfect burning, and ſecured in the pre- 
ſervation of it from air, in my method of 


ſlaking, and in the ſeparation af heterogeneous 
parts; thirdly on the uſe of ſtrong and pure 


lime water in the place of common water; 
fourthly on the proportion of ſands lime water 
and lime; fifthly, on the manner of mixing 
them; rrhly, on the knowledge of ingre- 


dients 
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dients and circumſtances which are injurious 
or uſeful; ſeventhly, on the uſe of bone- 
aſhes of determinate ſize; eighthly,- on the 
art of ſuiting ſome of theſe to the ſeveral pur- 
poſes. ; and finally on ſo many other particu- 
lars, as render it very difficult to give a more 
eandid ſpecification, in the uſual compaſs, 
than this which I have enrolled, or to guard 
otherwiſe againſt evaſions, than by anticipat- 
ing them. 


I po not think it neceſſary to inſiſt more 
minutely on the mechanical arts of applying 
the coarſer or finer calcareous cement, to pro- 
duce the moſt agreeable effects, becauſe they 
are known to ſo many workmen employed 
under Meſſ. Wyatt, and are ſo nearly related 
to thoſe already known to the plaiſterers, 
that they are not Ukely to be miſſed or loſt. 
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Experimental Compariſons of Chalk-Lime with 

 Stone-Lime. Advices to the Manufatturers of 
_ © Chalk-Lime, concerning the Art of rendering 
n equal, if not ſuperior, to Stone-Lime, for the 


Purpoſes of Builders Soap-Boilers and Sugar- 


— 


Bakers. 


* 


LL the authors whom 1 have con- 


F fulted, who have treated of cementi- 


tious buildings and of lime, from the time 
of Vitruvius, who wrote on theſe ſubjects in 
the reign of the Roman Emperor Titus or 
before it, down to the preſent hour; and all 


the artiſts with whom I have converſed, 


agree in the opinion that lime prepared from 
the cloſeſt lime-ſtone makes a ſtronger cement 
than that which is made of ſpongy lime- 
ſtone, and that the lime of chalk particularly, 
is incapable of acting as effectually as the beſt 
ſtone lime, in cementitious works or incru- 
ſtations which are expoſed to the weather. 


3 Tuts 


tw, 


s wnivetfal” and unqueſtioned notion 


had great influence with me in the' courſe of 
my experiments, until I: hid 'difeovered not 
only the fallacy ef it, but the grounds which 
gave riſe to it: both which 1 ſhall now ex- 


poſe, in the pleaſing hope of rendering great 


ſervices to many of my friends, and all 
who are proprietors of chalk- pits, or are obli- 


ged to uſe chalk- lime in their buildings. 


Tur experiments already mentioned af- 
forded me a great many opportunities of com- 
paring cements made with lime and ſand, or 
with theſe and other ingredients in various 
proportions, and differing only in the kind 

of lime. In theſe compatiſons I could not 
perceive that chalk lime, judiciouſly pre- 
pared and uſed, was in any reſpect inferior to 
the beſt ſtone lime: but I did not content 
myſelf with theſe. I made a great number 
of cements, with the ſole view of collating 
the reſpective merits of theſe kinds of lime, 
in ſmall and great incruſtations, in maſſes 
made to reſemble cut ſtone, 1n all expoſures 
and ſeaſons of the year; and after the ſtrict- 
eſt compartſons of thoſe which contained 
lime ! in equal quantities and were treated 


alike 


reckon among the moſt 


the | ſpecification : 


16] 


in all x6ſpedts, 1 
1 that my chalk lime was as good for 


amy purpoſe of this kind, as the beſt ſtone 
lime in this kingdom; fos 1 uſed the well; 
burned lime of Plymouth ſtone, which I 
excellent of. our 


me ſtones. 0 
1 — e loſes faves. 1 
teenths of its weight, in the converſion to 
Þmne, and becomes as white as chalk- Chaik 
looſes a little more in the perfect burning, 
Plymouth lime leaves a ſmall gypſcous reſi- 
due in the ſolution preſcribed in the tenth 
page, which is preferable to that directed in 
Chalk-lime leaves none. 
Therefore the chalk- lime chemically or tech- 
wically tried, appears to be equal, if not ſu- 
perior to ſtone lime, in its SEMERUDE powers, 
When! it 18 Gault uſed. 


Tam 8 3 | again chalk- 
lime may be traced to three ſources. The 
firſt is that which is mentioned in the fourth 
ſection. The vulgar criterion, of the due pre- 
_— of lime conſiſts in the flaking : and 
as chalk, which has undergone a ſlight calci- 

nation 


SY 
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nation and thereby loſt only a part of its aci- 


dulous gas, is capable of ſlaking, by reaſon 
of its ſpongineſs; the manufacturers of chalk 
lime content themſelves with the degree of 
calcination which renders it tractable or ven- 
dible, and thus bring it into diſrepute, 


Tas ſecond ſource is metitidhed ! in the 
fifth ſection. Chalk lime imbibes acidulous 


gas, during its expoſure to the ait, much 


faſter than ſtone lime, and is conſe⸗ 


quently more impaited ot worſe, at the time 
of uſing i it in mörtar, than ſtone lime kept in 
the ſame circumſtances. As the lime may 
be greatly i in] jured i in this way, without flak- 
ing ſenſibly ; and as there was ho ſuſpicion 
or meaſure of ſuch injury, beyond what the 

baking afforded; the acquired imperfection 
of chalk lime was conſidered as the very na- 
ture of it. In the thirtieth ' page it appears 
that a pound of chalk lime, placed in the qui- 
eſcent air of a chamber, imbibes two ounces 
and. a half of acidulous gas in two days, 
which is the ſhorteſt tithe in which lime is 
uſually expoſed, if we coutit from the mo- 
ment of its being red hot ts that of its being 
mixed in mortar, during which interval it is 
in the ſtate of abſorption, WS 
8 P Tux 
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Tat third. ſource have diſcovered in 
the ſtructure of lime kilns. The cavity 


of a me- kiln has the figure of a 15 
cone inverted. When the charge, 
fiſting of lime ſtone and fuel alternately 
ſtratified, has burned for ſome time, the fuel is 


exhauſted at che lower narrow extremity, of 


ſerves as. a a grate. to the fuel and Ae 
above it, which continue to burn briſkly, for 


eighteen, | hours. or longer, after the lime be- 
neath begins to- cool, During. this time 
the laſt⸗ mentioned part of the lime i 1s expoſed 
to a ſtrong current of air; and. the whole 
chapge af lime ſtands i in the like current of air 
until the! kiln ; 1s cooled, or the lime i is with- 
drawn; I which i in common practice i is ſeldom 
or never done before the ſixtieth or ſeventieth 
hour after the combuſtion of the fuel com- 


menced. 


* 


Tas injury mich _ ſtone a 
theſe circumſtances, w which I have often 1 imi- 
tated. in my elaboratory, is not great ; becauſe 
this lime is much more compact than the 
chalk lime. But when we obſerve that the 
beſt * of chalk lime of the common Kilns, 
and 


* £ mY 


1 an 1 


and thoſe, Which, after heating en Caf 


ficiently, I had left in the fire- place, expoſed 


at they are in the uſual proceſs; are always 


efferveſcent; that good chalk lime, in a 
weaker current of air, imbibes more than three 
ounces of acidulous gas into each pound of 
it, in two days, according to the experiment 
of the thirtieth ſection; and that my chalk 
lime, which I remove. from the fire=place 


as ſoon as it is ſufficiently burned, is per- 


fectly non efferveſcent ; we find that the long 
experienced imperfections of freſh chalk 
lime are owing more, to the faulty con- 
ſtruction of the kilns, and the ignorance of 
the manufacturer, than to any incapacity 
of chalk to yield excellent lime. 


Tur means of preparing chalk lime to 
equal or exceed ſtone lime, and of making the 
beſt ſtone lime, may be gathered from what 
I have faid, and the following intimations, 
The kilns are to be made broader and fnal- 
lower in the cavity which receives the charge; 
the circular wall inclofing this cavity, is to 
be continued tapering upwards, until it ter- 
minates in a lofty flue, in order to accelerate 
the combuſtion and increaſe the heat by a 
P 2 quick 
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quick elltreit of air to be regulated by open- 
| ing or clofing the door-way, which is to be 
Teft in the circular wall at a convenient height 
for the introduction of the charge. The maſ- 
five walls of the lower cone are to be lined 
with fire brick of apyrous ſtone ſet in the 
beſt fire Ioam; and are to be girded with iron. 
The fuel is to be ſo ſtratified with the lime ſtone 
or chalk, and the combuſtion is to be ſo con- 
ducted, that every part of the charge ſhall be 
ſufficiently ventilated and heated, and that 
the loweſt ſhall remain red hot until the 
whole is well burned. Then the current of 
air through the kiln is to be ſtopped, by cloſ- 
ing the apertures at the bottom; or the red 
hot lime is to be removed out of it, to cool 
in quieſcent air, until it is fit to be incloſed in 
air-tight veſſels. A caſk of chalk lime is 
not to be opened until the moment when 
the workman is ready to flake the lime; and 
the greateſt expedition is to be uſed in the 
flaking, in making the mortar, and in ap- 
plying it to uſe. By this treatment the 
chalk lime will anſwer every end of the beſt 
ſtorie lime; and ſtone lime may be prepared 
and preſerved'in the higheſt. perfection which 
the. nature of the lime ſtone can admit. 
itep i Tur 
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Tae manufacturer of chalk lime who firſt 
adepts theſe meaſures near London will pro.. 
fit by them: for good lime is not only bet- 
ter, but goes farther in building, than bad 
lime; good chalk lime will anſwer, the pur- 
poſes of the ſoap-boiler, in half the quantity 
which they uſe of common chalk lime, the 
greater part of which ſerves only-to waſte . 
their lees and clog their vatts ; and our ſugar- 
bakers will not heſitate about the price of 
good chalk lime, when they find that it is to- 
tally ſoluble in pure water, and introduces no 
ſelenitic matter into the ſugar. The expor-- 
tation of lime ta the Weſt India Iſlands will 
be a further incitement towards the improve- 
ments which I have ſuggeſted, when. the 
planters receive the information which J in- 
tend ſoon to give them, concerning the prin- 
ciples by which lime, duly adminiſtered facili- 
tates, but injudiciouſly uſed impedes the granula- 
nen of the faccharine part of their cane | 
juice. | 
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mal to th H. ouſes already PRO with the © 
nero Cement. Obſervations on the Objettions of 
certain Arti ifs ; 3 on the cementitious Works of 
the Romans; on the experienced and unequalled 
Duration of fuch Cements; on the Cements of 
Loriot and others; and os on certain es -þ we 
Author's ' Cement, . 


* 
% * 


E inexperience of the Fernen thelr 
obſtinate adherence to their own' no- 
tions, and the opinion which they entertained 
that ſome” of the rules preſcribed to them 
were inſiſted on rather through an affectation 
of myſtery than for any uſeful purpoſe, ope - 
rated ſtrongly againſt the beſt endeavours of 
Meſſieurs Wyatt, in the incruſtations firſt made 
on the great ſcale for uſe or ornament. In 
conſequence of theſe diſadvantages, which 
will be obviated in future, their ſtucco, al- 


though it excels others beyond compari- 


ſon and is far from being periſhable, is not 
quite ſo hard as it might have been made. 


This I mention, leſt theſe incruſtations ſhould 
r 1 be 


L 25 J 
be miſtaken for, the beſt, which. I have / re- 
preſented as exceeding Portland ſtone 3 in hard- 


neſs. Theſe laſt demand a ſtrict obſervance of 
the foregoing precepts reſpecting the ſeaſon 


and the expoſure as well as the — and 
mechanical application of them. 


The houſes which have been ſtuccoed with 


this cement are the following : 


The north front of Mr. Delme's houſe on 
the ſouth fide of Groſvenor-Square, ſtuccoed 
in N ovember and December 1778. 


/ The north and ſouth fronts of Mr. Viner's 
houſe i in Conduit-Street, Hanover-Square, and 
the moulded walls of the area behind it, ſtuc- 
coed in the ſummer and autumn of 1 779: 
the fore - front repreſenting Bath ſtone, the 
other front and the walls and mouldings of 
the area, cloſely imitating Portland ſtone, 


Mr. Bond Hopkins's houſe at Wimbledon 
in Surry, ſtuccoed in the ſummer of 1779, 
in every aſpect. 


= ns 
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M. Bitch's houſe at Hamſtead 1 near ir- 
ringham, ſturcped ir in autumn 9 95 itt every 


vis The: 1 


Then were done under the — 
of Mr. J ames Wyatt, | | 


Ius r obſerve that the diſcoloured ſummit 
7 the front of Mr. Viner's houſe, is natural 
ſtone; and that our cement never changes its 
colour, like thoſe which contain white lead or 
oil. This houſe ſeems to be well finiſhed. 
But when an incruſtation is made in an im- 
proper ſeaſon ; when the parapet or gutters 
are defective, and the rain is ſuffered tq pe- 
netrate through the ſpongy bricks and recent 
ſtucco; it 1s the fault of the workman and 
not of the cement, if the damp appears in the 
incruſtation of the attic ſtory, or if this part 
of it ſhould never harden compleatly. 


1 nave not yet been nformed of the work 
done by Mr. Samuel Wyatt, except the ſtuc- 
coing of the Honourable ' Juſtice Willes's 
houſe at Little Grove Eaſt Barnet, on the 
northern ſouthern and eaſtern. ſides, in Sep- 
tember and October 1779; and a piece of 
1neruſtation repreſenting a very coarſe ſtone, 
madei in November I 778, from the foundation 


ta 
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to the height of the cellar ſtory, onthe eaſtern 
wall of Mr. Curzon's houſe in Davies-Street 
Groſvenor- Square. The earth had lain againſt 
this wall for many years: it was ſtuecoed im- 
mediately after the area had been opened to 
it, and whilſt it was damp; and by the mi- 
ſtake of the painter, the ſtucco was painted 
whilſt it was freſh : I have not ſeen it ſince: 
but I am told that under all theſe diſadvan- 


tages it is incomparably better than the piece 


of common ſtuceo which meets it from 


above, 


WuHar has been fairly ſhewn of the cement, 
in this public manner, has given greater ſatis- 
faction; and Meſſrs. Wyatt are engaged ta 
ſtucco a great number of capital houſes with 
it next ſummer. Theſe will be done in the 
higheſt perfection, becauſe the workmen are 
Row compliant and experienced. 


Ax impediment however ſtill ſubſiſts to 
obſtruc the progreſs of this art in the public 
eſtimation. Some intereſted perſons dili- 
2 inſinuate that this cement has not the 
anction of long experience; and that howe- 
ver Promiſing it now appears, it may moulder 
like others in a few years hence: they like- 
wiſe obſerve that only a ſuperficial cruſt of 

the 


| 


18 
the above- mentioned ſtucodes is ſafficiently 
hard, but that the internal parts may eaſily 
de cut or broke: and they repreſent N ce · 
ment as an ä compoſition. 


Tuts nn which -thews it to be 
inade of clean ſorted ſands, of bone-aſhes, 
and of good lime in about half the quantity 
uſed in the common method of making mor- 
tar, renders an anſwer to the laſt- mentioned 
objection quite unneceſſary. 


The ſecond objection may be thus conſi- 
dered. The ſame attractive power, which 
draws acidulous gas from the air into lime, 
muſt neceflarily prevent any conſiderable 
quanitity of the gas from entering deeply in 
a recent incruſtation, until the lime at the 
furface is ſaturated with it, and conſequently 
until a ſuperficial layer of the cement is high- 
ly indurated. The ſame matter, which du- 
ring its acceſſion hardens this part, muſt like- | 
wile tend to render it cloſer in the texture 
and leſs freely pervious to that which is ſtill 
neceſſary for the induration of the internal 
portions z and thus it happens that an incru- 
ſtation grows harder at the ſurface, in one 

week, 
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tek, than it does deeply in the fubſtance, 
in a year, although bone- aſhes be uſed to 
leſſen the obſtruction of the ſurface. Sincs 
therefore we know the reaſon why the inte- 
rior parts of an incruſtation cannot harden in 
a much longer time than is neceſſary for the 
hardening of the exterior; ſince the mato- 
rials of the cement are the ſame in the cen- 
tral parts as well as at the ſuperfices, and 
muſt be equally affected by acidulous gas 
when it can reach to them; ſince by our ex- 
perience of old cements compoſed of lime 
and ſand, we know that the induration ex- 
tends equally through the maſs of them, in 
the. courſe of years 3 it is manifeſt that our 
ſtucco will harden in due time through the 
whole ſubſtance of it, as much as it does in a 
ſhorter time at the ſurface, and that the ob- 
jection, founded on the internal weakneſs 
noticed in the firſt year, 1s futile. 


To prove this by experiment, ſcrape away 
the hardened ſuperficial ſtratum, as I have 
often done ; and taking care to bruſh off all 
that you haye looſened beneath, leave the 
new ſurface of the friable part of the cement 
expoſed to the air for a few weeks. You will 
find 
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find it to harden like the firſt ſurface, whilſt 


the parts beneath it ſtill continue | brittle. 


You will Perceive after a repetition of the 
like experiment in the ſame place, that every 
part of the ſtucco is capable of acquiring 
the hardneſs of the firſt ſurface, in a few days, 
and conſequently that the-whole will accquire 
it in the longer time neceſſary for the entrance 


of acidulous Ls —_ the compact exterior 


eruſt. 


- Witn reg to the objections grounded 
on our ſhort experience of this cement, J 
think they can have very little influence a- 
mongſt informed men who know, from the 
writings of the antients, by the inſpection 
of old cements, and by the analyſis of them, 
that mortar made of lime and ſand can 
endure every trial of the weather in the 
moſt expoſed ſituations for a thouſand years 
or more, Such objections deſerve no better 
anſwer than ought to be given to an illiterate 


London brieklayer, who ſhould object to the 
ofe of porphyry i in building, becauſe he has 


| ho certainty of Its being lo durable as the 


bricks 


CY 


bricks which be bad r * 
ae. _ Ns _—_ 
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1 AM- aware of the opinion, which. is pre- 
valent at this time, that the antients uſed 
ſomething which is unknown to us in their 
mortar, and that this long loſt ingredient is 
the cauſe of the duration and hardneſs of 
thoſe cements which we ſo much admire i in 
ſome of their ſtructures. A notion founded 
on conjecture does not demand a ſerious diſ- 
cuſſion. I will therefore treat it as a ſubje& 

| of converges, rather than of argument. 


"Raw in the fifth 1 of the 
fecapd book of his architecture ſpeaks thus 
of lime. 


Quare aum cum recipit aquam, & arenam 
calr, tunc confirmat firutturam, hœc eſe cauſa 
videtur, quad e principiis uti cetera corpora, a 
&. ſara ſunt temperata : & quæ plus habent arts, 
funt tenera : qua aque, lenta funt ab humore : 
gue terre, dura: que ignis, fragiliora. Itague 
ex his ſaxa, fi antequam coquantur, contuſa minute, 
mixtaquę arena conjiciantur in ftrutturam, nec 
fobdeſeunt, nec eam poterunt continere : cum vero 

cory ſecla 


_ - __— 
* 
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tometta in | fornactm, vit veßememi * 
currepta, amiſerint priſtine ſoliditatis vir nuten, 
tunc exuſtis, atque exbauſtis eorum viribus, relin- 
quintur patentibus foraminibus, & mambns © brgo 
Mr, qui” eft in cjus lapidis corgore, & dey cum 
atlas,” & ereptus fuer, bab ueritgue 5; m ſs re. 
Pham calorem latentem, — in aqua Prius, 
quam errut ignis, vim recipit, & hunure Penetran. 
re in forumimum raritates conferveſtit, ia res 
Ffigerutus reject” et calris corpore fervoremt Jules 
autem quo pondtre - faxa- -conjrentntur in farnaceem, 
rum eximuntar, non prſſunt- ad id reſpondere, ſed 
cum expendutar, eadem magnitudine Permanente; 
ercocto liquore circiter tertia parte ponderis im- 
minuta elſe 7 irveniuntur. Tgitur cum patent Fra- 
mma ecrum, & raritates, arena mixtionem in ſe 
corripiunt, & ita cohereſcunt, ficceſcendoque cum 
cæmenis coeunt, 8 OI ſpa FE 


Fu fame 1gnorance of the nature of lime 
is betrayed by Alberti and later writers. 
And ſince we do not find any ſcientific rules 
prefertbed by literary artiſts; for the com- 
poſition of calcareous cements with ſuch 
choſen and ſorted materials as I have de- 
feribed, or in ſuch proportions of them; and 
_ it is highly unprobable that the re- 
membrance 
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ethranit of an uſeful ingredient, or any. 
knowledge ohce: aecquired in an art practiſed 
in ſo many countries nd by ſo many different 


perſons in every age, ſhould have been loſt ; 


we have the moſt fatifatory reaſons for con- 
cluding that the antients had no {kill beyond 
that of our modern builders, i in the prepara= 
tion of lime © or mortar. * 


Tux w_ of nn and other 
reliques of their works, furniſh us with a- 
bundahce of bad mortar and defective i in- 
eruſtations, which are inſtances of their 1 ig 
norance of thoſe principles dy which the 
beſt cement might be made equally. cheap, 
The total ruin and obliteration of many of 
their buildings, argue to the fame end ; for 
well cemented works ſuffer very little by 
dilapidation, by reaſon of the difficulty and 
expence of pulling them to. pieces and ap- 
plying the materials to other ſtructures. If 
to theſe confiderations I can add an expoſition 
of the fortuitous circumſtances which ren- 
dered ſome of their cements uncommonly 
hard and durable, I hope I ſhall not be ſuſpect⸗ 
ed of ungenerous invidious motives, in faying 
that the aqueducts and other ſtructures, 

Which 


— 
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which have been preſerved, to us FREY 16 


many ages, by the ſtrength of their cement; 
are monuments rather of the good luck, than 


of any extraordinary ſkill, of thoſe who built 


When the neighbouring quarries afforded 
good lime ſtone, free from gypſum, and 
ſuch as required to be well burned before it 
could flake freely; when the preparation of 
the lime, at the public expence, afforded no 
temptation for parſimony in fuel; and 
when the vicinity of the lime ſtone, and the 
quick conſumption of the lime in great maſ⸗- 
five works, prevented thoſe injuries which 
it ſuſtains in long tranſportation and, expoſure, 
in the flaking of great quantities of it at once, 
or in the keeping of mortar made with it; the 
ignorance. of the artiſts could not produce any 
defects dependent on bad lime, becauſe neceſ- 
ſity or chance inforced all that could have 
been Hught by choice, | in this inſtance. T 


' * 
1 


. Warn he Win afforded ſand, * 
quartoſe ſharp well ſized and reſembling our 


mixture of the coarſe and ſine; chance fur- 


niſhed 


e | , - 


'. eonſtructed chiefly with ſmall ſtones, in the 


the goodneſs of lime and ſand and on good, 


| ſtones or bricks; and their works had, 


. 
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ed al that An 2 =, in the 


Wut walls of Ansa thickneſs were 


way of boulder- work, the great conſumption 
of mortar made every practicable ſaving of 


lime an object of great importance; and as 


the mortar muſt be made ſtiff for ſuch work, 
it was neither convenient nor neceſſary to 
mix much lime in it, or to uſe fine ſand in it, 
or to exclude the rubble from it: and thus, 
by motives of œconomy and convenience, 
rather than by any others, they were led to 
the meaſures which inſured to the cement of 
ſuch ſtructures every perfection dependent on 


if not the beſt, proportions of them. 


Wan the ſtones uſed in building were re- 


cently dug, or collected from the beds of ri- 


vers, the artiſts needed no precautions againſt 
the bad effects of dry bibulous and duſty 
of 


neceſſity, every good qua lity attainable by 
the practice, which I commend, of ſoaking 
theſe materials. When their water was good, 


Q the 


6] 
the cement abounding in lime was not much 
the worſe; for their ignorance. of the uſe of 


lime water. 


* 


_ Wuex t the ſtructure v. was 5 iritended to ſtand 


by its own ftrength, rather than to depend | on 
timbers ; ; and was by the folidity of its bear- 


ings and the diameter of 1 its ſtoney ſubſtance, 


_, * „ 


ſecured from agitation ; . - when the thickneſs 


6f the walls, prevented the cement from being 
haſtily dried, and afterwards ſecured | it from 


being thoroughly wetted; and when the enor- 


mous weight contributed to the approxima- 


Ta7 ot „ , 


tion and cohefi ion of the Parts of the cement 
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to each other and to the ſtones; ; every defect 
of cementitious buildings, of a contrary de- 
ſcription, was ghviated by the nature of the 
ſtructure, which rendered ĩt as perfect, in the 


hands of any artiſts, as the moſt conſummate 


{kill could make. our, modern ſlender tremu- 
lous bibufous walls. | 


IN 1 theſe circumſtances, 
excellent cements of great antiquity, 
aced not point out to literary men: 
| > but ſince they are found no where elle, that I 


have diſcovered; and fince it is not probable 


as that the antients * any art of this kind un- 


known 


HHH ĩð . — —p— * 
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knows to the moderns, I think I ani autho- 


rized to conclude that their beſt cementitious 
works, inſtead of being held forth as in- 


ſtances of their uncqualled ſkill, ought rather 


to be conſidered as ſubſtantial proofs of the 
duration of mortar or ſtuceo duly cbnipoſed of 


ſand and lime, beyond all others, and of the 


utility of theſe endeavours which I have made 
for preparing calcareous cements aecording 
to ſcientific principles, which enable us to 


make them in the higheſt perfection in all 


places, and to accommodate them to 1 


purpoſe of uſe or ornament: 


1 Nun ſtudiouſly avoidedtrict compariſons 
of my cement or of the beſt Roman cements; 
with the oil eements; beeauſe the beſt of theſe 
is private property; not doubting that my 
liberal readers will give this filence a conſtruc- 
tion equally favourable to the proprietors and 
to me. But it is not neceſſary to lay myſelf 
under the ſame reſtraint reſpecting the re- 


liſhed in 1774 at Paris, in a pamphlet entitl= 
ed. A treatiſe on a new diſcovery jn the 


art of building, made by Monſieur Loriot, 


mechanic and penſionary to the king; in 


Q 2 « which 


puted improvement of Monſieur Loriot, pub- 
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% -whach is announted, by order of his ma- 
ñjeſty, che method of compoſing a cement 
or mattar fit for an infinity of works as 
1 n * as in decoration. 


Tas: firſt balf of this effay ſerves only to 
diſplay the ſanguine hopes and lively iniagi- 


nation of the author, which tranſported him 


beyond the bounds of his knowledge in this 
fubject, and all the rules of phyſical induc- 
tion. In the thirty-firſt page he ſays that 
the admixture of powdered quicklime, in 
„ any mortar made whath flaked lime, is 
* the moſt effectual method of giving it 
* every deſirable perfection; and that this 
0 is the chief diſcovery which he announ- 


ces.“ In the next page he gives the fol- 


lowing preſcription. 


TREE one part of brick-duſt finely ſift- 
c ed, two parts of fine river ſand ſkreened, 
and as much old ſlaked lime as may be 
fſufficient to form mortar with water, in 
the uſual method, but ſo wet withal as to 
<« ſerve for the ſlaking of as much powdered 


© quick-lime as amounts to one fourth of the 


9 whale quantity of brick-duſt and ſand, 


«© When 
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; When the materials are well mixed,, em- 
« ploy; the compoſition quickly, as the 
ſmalleſt delay may render the application 
* It imperfect or impoſlible.” 


In the 4oth page he ſays ** 'Ahother me- 
% thod of making the compoſition is, to 
„ make a mixture of the dry materials; 
« that is to ſay, of the ſand brick-duſt and 
.v powdered quick-lime, in the preſcribed 
60 proportion; ; which mixture may be put 
ein ſacks, each containing a quantity ſuf- 
« ficient for one or two troughs of mortar. 
The abovementioned old ſtaked lime and 
« water being prepared apart, the mixture 
js to be made, in the manner of plaiſter, 
in the inſtant when it is wanted, and even 
% on the ſcaffold, and is to be well chafed 
«© with the trowel.” 


To expreſs Mr. Loriot's diſcovery briefly 
and diſpaſſionately, I would fay, when 
an ignorant artiſt makes mortar with whiting 
inſtead of lime, he can mend it confidera- 
bly by adding lime to it: but his mortar 


will ſtill be defective, in compariſon with 
the beſt that may be made, by reaſon of the 


Q 3 old 
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old Naked lime or whiting. For on repeated 
trials 1 found this to be ene true ſtate of the 
caſe, 5 


LIuE ſuſtains leſs injury in powdering 


ſmall quantities of it in a covered veſſel, 
than by flaking, in the uſual method, with 
common water; and powdered lime, in the 
mixing of it with ſand and water, excites a 
warmth in the maſs, which greatly contri- 
butes to its drying or ſetting quickly. Mr. 


Loriot not knowing how to flake lime with- 


out impairing its cementing virtue, and 


taking the ſpeedy exſiccation as ap omen of 


perfect induration, imagined the preſcrip- 


tion of powdered lime to be a great . ar 
me nt. 


Ir the powdering of lime, without ex: 


poſing it much to the air, were not an ex- 
penſive operation, I ſhould have directed this 


powder to be uſed inſtead of water-{laked 
Iime, for thoſe parts of an incriſtation, 
which are prevented from drying in due 
time, by their vicinity to the damp earth or 
to projections on which the rain lodges. The 


Fromet to be applied in ſuch circumſtances 


ought, 


5 — — 


will more ſpeedily acquire that hardneſs 
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ought, as 1 ſaid in the ſpecification, page: 


202, to contain more lime than I have pre- 
{cribed for other ſituations; and it will be 
found the better for being made with pow- 
dered quick- lime, becauſe it will dry the 
ſooner, and becoming pervious to air in con- 
ſequence of the exhalation of its water, it 


which ſecures it from being exhauſted of the 
lime by the conſtant moiſture or the trick» 
ling rain. | 8 


Tux public are indebted to Mr. Hartley 
for the experimental proofs he has given of 
the efficacy of his method of ſecuring houſes 
from fire; and to lord Mahon for thoſe ju- 
dicious and expenſive experiments by which 
he has ſhewn that a calcareous incruſtation 
anſwers the purpoſes of Mr. Hartley's art. 
I am afraid that their good intentions will be 
fruſtrated by the indifference of men to diſ- 


tant or improbable evils, and their diſlike to 


any immediate expence which affords no ex- 
temporary convenience or ornament. But 
altho ſuch motives of ceconomy ſhould diſ- 
ſuade us from adopting their meaſures in the 
fulleſt extent, we ought certainly to avail 
: ourſelves 


which conſtitute the gravel choſen for our 


ä 
ourſelves. of the uſeful knowledge which 


they have imparted, ſo far as to prefer a ſafe 


and durable ſtucco, wherever it is appli- 
cable by the aſſiſtance of hair, before wainſ- 
cot or wooden ornaments. For although no 
metallic or calcareous covering can ſecure 
the wood of. a houſe from being charred by 
a great fire, the danger of others is leflened as 
the combuſtible materials are ſecured from 
the action of the air, and conſequently from 
contributing to the deflagration. 


I have thought that the ſmall ſtones, 


roads, could not be reduced to duſt ſo ſoon 
as they now are, by the heavy carriages, if 
they were firmly bedded in a ſmall quantity 
of coarſe and good calcareous cement, ſo 
that the bodies which roll over them ſhould 
rather compreſs them, than grind them 
againſt each other as they do at preſent. 
And as the frequent failures of payement 
are mauifeſtly owing to the infirmneſs of 
the ground and the looſeneſs of the ſtones, 
1 have imagined that a ſolid bed of cemen- 
titious work, in the manner of the Romans, 
and the ſetting of the paving ſtones in good 


mortar, 
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mortar, would ultimately leſſen rather than 
enhance the expence. I offer theſe con- 
jectures in the hope, that no body will pre- 
fume to decide on the ſubject, who does not 
know the difference between the cammon 
mortar, and the beſt that can be made of lime 
and ſand; and that ſome public- ſpirited man 
will make the experiment, where lime is 
cheap and the expence of pavement or of 
gravel is conſiderable. If the expence ſhould 
be found too great for any public works of 
this kind, the ſame meaſures may neverthe- 
Teſs be tried in private areas and walks, in 
which the neatneſs, duration, and prevention 


of vegetation, may compenſate for the ex- 
traordinary price. 
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